
V .  REVIEW OF EXISTING PIPELINE REGULATIONS 

A .  SCOPE OF REVIEW 

The p r e s e n t  US f e d e r a l  s a f e t y  s t a n d a r d s  f o r  hydroca rbon  
p i p e l i n e s  c o n t a i n e d  i n  T i t l e  49,  P a r t s  1 9 1 ,  192 and  195 do n o t ,  
i n  g e n e r a l ,  a d d r e s s  p rob lems  and  r e q u i r e m e n t s  of t h e  o f f s h o r e  
Arc t ic  e n v i r o n m e n t .  The a p p l i c a b i l i t y  of t h e s e  s t a n d a r d s  t o  
p i p e l i n e s  i n  t e m p e r a t e  o f f s h o r e  areas is  d i s c u s s e d  i n  t h e  
r e p o r t  " O f f s h o r e  P i p e l i n e  F a c i l i t y  S a f e t y  P r a c t i c e s , "  by Dravo 
Van Houten ,  I n c . ,  p r e p a r e d  f o r  t h e  O f f i c e  of P i p e l i n e  S a f e t y  
i n  December 1977 .  The Arct ic  e n v i r o n m e n t ,  however ,  p r e s e n t s  
s p e c i a l  h a z a r d s  t o  o f f s h o r e  c o n s t r u c t i o n  o r  a c t i v i t y  b e c a u s e  
o f  low t e m p e r a t u r e s ,  t h i c k  i ce  f o r m a t i o n s ,  and  i n a c c e s s i b i l i t y  
t o  i n d u s t r i a l  c e n t e r s  f o r  e q u i p m e n t ,  materials  a n d  p e r s o n n e l .  
These  h a z a r d s  are  d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  I1 of t h i s  
r e p o r t .  

R e g u l a t i o n s  f o r  t h e s e  o i l  and g a s  p i p e l i n e s  s h o u l d  e n s u r e  
s y s t e m  s a f e t y  and  p r o v i d e  p r o t e c t i o n  f o r  t h e  f r a g i l e  b i o t a .  
To e v a l u a t e  p r e s e n t  s t a n d a r d s ,  i t  is  n e c e s s a r y  t o  d e f i n e  t h e  
s p e c i f i c  problems of t h e  Arct ic  c o n d i t i o n s .  Then ,  e x i s t i n g  
r e g u l a t i o n s  s h o u l d  b e  examined t o  d e t e r m i n e  w h e t h e r  o r  n o t  
these p rob lems  are addressed. 

T h i s  r e v i e w  w i l l  n o t  be  c o n f i n e d  t o  U S  f e d e r a l  s a f e t y  
s t a n d a r d s  a l o n e .  I n  a d d i t i o n ,  t w o  American i n d u s t r y  codes, 
and  government  r e g u l a t i o n s  f o r  Canada,  Norway a n d  Great B r i t a i n ,  
w i l l  be i n c l u d e d .  I n  some cases ,  i n d u s t r y  o r  f o r e i g n  documents  
may s u g g e s t  desirable a d d i t i o n s  t o  o u r  own government  s p e c i f i -  
c a t i o n s .  A b r i e f  r e v i e w  of  t h e  s i x  r e g u l a t o r y  b o d i e s  is pro- 

v i d e d  i n  P a r t  B of t h i s  s e c t i o n .  

Tab le  5-1 lists those i t e m s  o f  c o n c e r n  p e c u l i a r  t o  t h e  
Arc t ic  o f f s h o r e  which  are c o n s i d e r e d  s u f f i c i e n t l y  i m p o r t a n t  
t o  r e q u i r e  federal r e g u l a t i o n s .  
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T a b l e  5-1. 
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Low Tempera ture  Material 7.  P r e s s u r e  T e s t i n g  
P r o p e r t i e s  

Ice Scour  P r o c e d u r e s  
8 .  I n s p e c t i o n  and Moni to r ing  

P e r m a f r o s t  9 .  Environment a1 Impact 

P i p e l i n e  S t a b i l i z a t i o n  10. Leak- handling P r o c e d u r e s  

C o r r o s i o n  P r o t e c t i o n  11. S a f e t y  Device'  

Welding I n s p e c t i o n  12.  Thermal Expansion] 
C o n t r a c t  i o n  

I n  P a r t  C of  t h i s  s e c t i o n  t h e s e  12  items are c o n s i d e r e d  
i n d i v i d u a l l y  and t h e  way t h e y  are a d d r e s s e d  i n  t h e  s i x  sets 
o f  r e g u l a t i o n s  under  review.  I n  each case, an  a n a l y s i s  h a s  
been conducted  t o  d e t e r m i n e  t h e  degree t o  which e a c h  i t e m  is 
a d d r e s s e d  i n  t h e  r e g u l a t i o n .  S e c t i o n  V I  of t h i s  r e p o r t  recom- 
mends a p p r o p r i a t e  changes  t o  t h e  U S  Code o f  F e d e r a l  R e g u l a t i o n s ,  
and p r o v i d e s  j u s t i f i c a t i o n  f o r  each i n s t a n c e .  

B. REGULATIONS REVIEWED I N  THIS SECTION 

S i x  g roups  o f  r e g u l a t i o n s  are reviewed and a n a l y z e d  w i t h  
r e s p e c t  t o  t h e i r  a p p l i c a b i l i t y  t o  o f f s h o r e  g a s  and o i l  p ipe-  
l i n e s  i n  t h e  B e a u f o r t  and Chukchi S e a s  o f f  n o r t h e r n  Alaska .  

1. Uni ted  S t a t e s  T i t l e  49 Code of F e d e r a l  R e g u l a t i o n s  ( C F R )  
P a r t s  191, 192 and 195  ( U S )  
Revised  Oc tober  1, 1979 
P u b l i s h e d  by t h e  O f f i c e  of t h e  F e d e r a l  R e g i s t e r  
N a t i o n a l  Arch ives  and Records S e r v i c e  
Genera l  S e r v i c e s  A d m i n i s t r a t i o n  

P a r t  1 9 1  - T r a n s p o r t a t i o n  of N a t u r a l  and O t h e r  G a s  by  
P i p e l i n e ;  R e p o r t s  of Leaks ;  P a r t  192 - T r a n s p o r t a t i o n  of 
N a t u r a l  and O t h e r  G a s  by P i p e l i n e :  Minimum F e d e r a l  S a f e t y  
S t a n d a r d s ;  P a r t  195 - T r a n s p o r t a t i o n  of  L i q u i d s  by P i p e l i n e ,  
govern  Uni ted  S t a t e s  gas and o i l  p i p e l i n e s  i n  i n t e r s t a t e  and  
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f o r e i g n  commerce. The t h r e e  p a r t s  c o v e r  o n s h o r e  and o f f s h o r e  

l i n e s  from t h e  o u t l e t  f l a n g e  o f  s p e c i f i e d  OCS f a c i l i t i e s  t o  
t h e  cus tomer .  P a r t s  192 and 195 i n c l u d e  materials,  d e s i g n ,  

o p e r a t i o n  and maintenance  r e q u i r e m e n t ,  among o t h e r s .  

R e p o r t s  of  g a s  l i n e  l e a k s  are  r e g u l a t e d  by P a r t  191  
w h i l e  r e p o r t s  o f  l i q u i d  l e a k s  are  i n c l u d e d  i n  P a r t  195 .  P a r t s  
191 ,  192 and 195 are under  t h e  j u r i s d i c t i o n  of t h e  U S  Depar t-  
ment o f  T r a n s p o r t a t i o n ,  Materials T r a n s p o r t a t i o n  Bureau.  
C i t a t i o n s  of  T i t l e  49 CFR P a r t s  1 9 1 ,  192 and 195 i n  t h i s  
r e p o r t  w i l l  a p p e a r ,  f o r  example,  as "US 191.1"  f o r  c l a r i t y  
i n  d i s t i n g u i s h i n g  between U S  s t a n d a r d s  and s t a n d a r d s  from 
o t h e r  n a t i o n s  and o r g a n i z a t i o n s .  

2 .  Recommended P r a c t i c e  f o r  Des ign ,  C o n s t r u c t i o n ,  Opera t ion  
and Maintenance o f  O f f s h o r e  Hydrocarbon P i p e l i n e s  
RP 1111 
F i r s t  E d i t i o n  March, 1976 
P u b l i s h e d  by t h e  T r a n s p o r t a t i o n  Department 
American Pe t ro leum I n s t i t u t e  (API) 

A s  t h e  t i t l e  shows, t h e  p r a c t i c e s  p r e p a r e d  by API, a n  
o i l  i n d u s t r y  t r a d e  a s s o c i a t i o n ,  c o v e r  o n l y  o f f s h o r e  hydro-  
carbon p i p e l i n e s .  Requirements  f o r  b o t h  g a s  and o i l  l i n e s  
are  combined e x c e p t  where d i f f e r e n c e s  are s p e c i f i e d  due t o  
t h e  n a t u r e  of t h e  p r o d u c t  c a r r i e d .  L e a k- r e p o r t i n g  a c t i v i t i e s  
are n o t  covered  a l t h o u g h  a s e c t i o n  on emergency p l a n s  is i n -  
c l u d e d .  The API p r a c t i c e s  are i n t e n d e d  f o r  a l l  c l imat ic  
r e g i o n s ,  however,  " n o t h i n g  i n  t h e  recommended p r a c t i c e  s h o u l d  
b e  c o n s i d e r e d  as  a f i x e d  r u l e  w i t h o u t  r e g a r d  t o  sound e n g i n e e r-  
i n g  judgment.  ' ' (API RP 1111 - P a r a  1 0 0 ) .  

3. Amer ican  N a t i o n a l  S t a n d a r d  Code f o r  P r e s s u r e  P i p i n g  
B31.4 - L i q u i d  Pe t ro leum T r a n s p o r t a t i o n  P i p i n g  System - 1974 
B 3 1 . 8  - G a s  Transmiss ion  and D i s t r i b u t i o n  P i p i n g  Systems - 

American N a t i o n a l  S t a n d a r d s  I n s t i t u t e  (ANSI) 
P u b l i s h e d  by t h e  A m e r i c a n  S o c i e t y  of Mechanical  E n g i n e e r s  

1975 

ANSI codes  B31.4 and B 3 1 . 8  p r o v i d e  n a t i o n a l  s t a n d a r d s  
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f o r  o n s h o r e  and o f f s h o r e  p r e s s u r e  p i p i n g  i n v o l v i n g  l i q u i d  
pe t ro leum and g a s ,  r e s p e c t i v e l y .  U S  P a r t  195 and t h e  B r i t i s h  
I n s t i t u t e  of Pe t ro leum (IOP) i n c o r p o r a t e  B31.4 by r e f e r e n c e .  
IOP a l s o  i n c o r p o r a t e d  B 3 1 . 8  by r e f e r e n c e .  

The c o d e s  p r e s c r i b e  minimum r e q u i r e m e n t s  f o r  t h e  d e s i g n ,  
materials, cons t ruc t ion ,  assembly ,  i n s p e c t i o n  and t e s t i n g  of 
p i p e l i n e s .  Users o f  t h e  codes  are c a u t i o n e d  t h a t  government 
a g e n c i e s  may have  i s s u e d  r e g u l a t i o n s  t h a t  d i f f e r .  When t h e r e  
is a c o n f l i c t ,  t h e  ANSI c o d e s  do n o t  a p p l y .  System l e a k  
r e p o r t i n g  and emergency measures are n o t  covered. 

4 .  Canadian S t a n d a r d s  A s s o c i a t i o n  
2183 - O i l  P i p e l i n e  T r a n s p o r t a t i o n  Systems - September ,  1977 
2184 - G a s  P i p e l i n e  Systems - O c t o b e r ,  1975 
P u b l i s h e d  by t h e  Canadian S t a n d a r d s  Association (CSA) 
Rexdale ,  O n t a r i o ,  Canada 

Canadian s t a n d a r d s  2183 and 2184 e s t a b l i s h  essent ia l  
r e q u i r e m e n t s  f o r  t h e  d e s i g n ,  i n s t a l l a t i o n  and o p e r a t i o n  o f  o i l  
and gas p i p e l i n e s ,  r e s p e c t i v e l y .  The s t a n d a r d s  r e f e r  t o  pro-  
h i b i t i o n s  of  u n s a f e  p r a c t i c e s  and warn where c a u t i o n  must b e  
e x e r c i s e d .  

The g a s  p i p e l i n e  s t a n d a r d  h a s  a supplementary  s e c t i o n  
t i t l e d  " A d d i t i o n a l  Requirements  for P i p e l i n e s  i n  Nor the rn  
Regions ."  The supplement  p r o v i d e s  f o r  s p e c i a l  c o n d i t i o n s  n o t  
covered  i n  t h e  main t e x t .  

Both 2183 and 2184 s t a t e  t h a t  t h e y  s h o u l d  n o t  p r e v e n t  
t h e  development of  new equipment or p r a c t i c e s ,  n o r  p r e s c r i b e  
s p e c i f i c a l l y  how such  new i n n o v a t i o n s  s h o u l d  be hand led  (CSA 
2183 .1 .1 .4 ,  2 1 8 4 . 1 . 1 . 4 ) .  The Canadian N a t i o n a l  Energy Board 
h a s  j u r i s d i c t i o n  o v e r  m o s t  Canadian hydrocarbon p i p e l i n e s  and 
e n f o r c e s  t h e  CSA s t a n d a r d s .  
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5. R u l e s  f o r  t h e  Des ign ,  C o n s t r u c t i o n  and I n s p e c t i o n  of 
Submarine P i p e l i n e s '  and P i p e l i n e  Risers 
D e t  n o r s k e  Veritas (DnV), Norway 
1976 

A s  t h e  t i t l e  s tates,  t h e  Norwegian r u l e s  govern t h e  
d e s i g n ,  c o n s t r u c t i o n  and i n s p e c t i o n  of submar ine  p i p e l i n e s .  
The r u l e s  a p p l y  t o  both gas and o i l  l i n e s  w i t h  s p e c i f i c  r u l e s  
c o n c e r n i n g  one  o r  t h e  o the r  n o t e d  when n e c e s s a r y .  The r u l e s  
are based on t h e  assumpt ion  t h a t  t h e  p i p e l i n e  is d e s i g n e d  and 
c o n s t r u c t e d  a c c o r d i n g  t o  sound e n g i n e e r i n g  p r a c t i c e  (DnV 
1 . 2 . 4 . 1 ) .  

D e t  n o r s k e  Veritas is  a s u p e r v i s o r y  and i n s p e c t i o n  body. 

Where r e c o g n i z e d ,  DnV r u l e s  s e r v e  as a supplement  t o  n a t i o n a l  
r e g u l a t i o n s  - i f  there is any d i s c r e p a n c y ,  t h e  n a t i o n a l  regu-  
l a t i o n s  app ly .  Leak r e p o r t i n g  and emergency measures  are n o t  
covered .  

6 .  Pe t ro leum P i p e l i n e s  S a f e t y  Code 
Appl ied  S c i e n c e  P u b l i s h e s  LTD on behalf  of 
t h e  I n s t i t u t e  of Pe t ro leum ( I O P ) ,  Great B r i t a i n  
1967 

The B r i t i s h  code sets f o r t h  g e n e r a l  r e q u i r e m e n t s  for t h e  
s a f e  d e s i g n ,  c o n s t r u c t i o n  and o p e r a t i o n  of ca rbon  steel pipe- 
l i n e s  f o r  g a s  and o i l .  The code is n o t  a handbook and does  
n o t  replace t h e  need f o r  a p p r o p r i a t e  e x p e r i e n c e  and competent  
e n g i n e e r i n g  judgment ( I O P  1.1). 

Supplements  c o v e r i n g  emergency p r o c e d u r e s  ( i n c o r p o r a t i n g  
leak r e p o r t i n g )  and submar ine  p i p e l i n e s  are i n c l u d e d .  Appen- 
dices c o v e r i n g  emergency a c t i o n , ,  removal of o i l  from a water- 
c o u r s e ,  and a p p r o v a l s  r e q u i r e d  f o r  submar ine  p i p e l i n e s  a l so  
are p r e s e n t e d .  A s t a t e m e n t  i n  t h e  maintenance  s e c t i o n  s a y s ,  
" P i p e l i n e s  d e s i g n e d  and c o n s t r u c t e d  i n  accordance  w i t h  t h i s  
c.ode are e x p e c t e d  t o  have  an  i n d e f i n i t e  l i f e "  ( I O P  9 . 1 ) .  
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C.  REVIEW OF APPLICABILITY OF EXISTING REGULATIONS 

1. Low Temperature Materials P r o p e r t i e s  

a .  Regula t ions .  US gas  and o i l  s a f e t y  s t a n d a r d s  each 
c o n t a i n  a gene ra l  s t a t e m e n t  r e q u i r i n g  p i p e  and components t o  
m a i n t a i n  t h e i r  s t r u c t u r a l  i n t e g r i t y  under temperature  condi-  
t i o n s  t o  be  encountered (US* 192 .53 (a ) ,  195.102).  No o t h e r  
ment ion  of low- temperature c o n s i d e r a t i o n s  is  made. 

API recommended p r a c t i c e s  c a u t i o n s  d e s i g n e r s  t o  c o n s i d e r  
low- temperature p r o p e r t i e s  of  m a t e r i a l s  whe re  a p p l i c a b l e  
( API 111 1 .200 .3  ) . 

ANSI codes fo r  gas  and o i l  p i p e l i n e s  s ta te  t h a t  they  do 
no t  apply t o  l i n e s  wi th  i n t e r n a l  p r e s s u r e s  above 15 p s i g  i f  
t h e  des ign  tempera ture  is below minus 29OC (minus 20°F) 
(ANSI B 3 1 . 4 0 0 . 1 . 2 ( ~ ) ,  B31.802.13(b)) .  P i p e l i n e  eng inee r s  are 
cau t ioned  t h a t  some of  t h e  materials meeting t h e  code may not  
be s u i t a b l e  i n  t h e  lower tempera tures  (ANSI B31.401.3.1, 
B31.814 ) . 

Each of t h e  CSA s t a n d a r d s  fo r  gas  and o i l  l i n e s  i n c l u d e s  
a gene ra l  s t a t emen t  c a u t i o n i n g  d e s i g n e r s  t o  cons ide r  l o w -  
t empera ture  p r o p e r t i e s  of  materials where a p p l i c a b l e  (CSA 
2183.3.1 .1 .2 ,  2184.3 .1 .2 .1) .  The CSA gas  s t a n d a r d s  r e q u i r e  
t h a t  a t t e n t i o n  be given t o  t e n s i l e  s t r e n g t h  and notch tough- 
n e s s  a t  des igna t ed  tempera tures  when s p e c i f i e d  o p e r a t  i n g  con- 
d i t i o n s  are encountered (CSA 184 .3 .1 .2 .2  and 3 ) .  The  CSA gas  
s t a n d a r d s  also r e q u i r e  t h a t  a l l  materials and components f o r  
p i p e l i n e s  i n  no r the rn  r e g i o n s  must have adequate  p r o p e r t i e s  
for t h e  opera t ing  c o n d i t i o n s  and tempera tures  there (CSA 
2184.11.2 .1 .1) .  Other c l a u s e s  i n  t h e  supplement cons ide r  
such tempera ture  r e l a t e d  t o p i c s  as c o o l i n g  due t o  gas  expansion 

* Note: US i n  t h i s  r e p o r t  refers t o  T i t l e  49 of t h e  Code of 
Federa l  Regula t ions  normally abb rev ia t ed  as - 49 CFR. 
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(Joule-Thompson e f f e c t ) ;  e v i d e n c e  o f  c e r t i f i c a t i o n ,  t e s t i n g  
methods and t e s t i n g  t e m p e r a t u r e ,  and s o i l  c h a r a c t e r i s t i c s  
(CSA 2 1 8 4 . 1 1 . 2 . 1 . 2 ,  2 1 8 4 . 1 1 . 2 . 2 . 1  and 2 ,  2184 .11 .3 .1 ,  
r e s p e c t i v e l y ) .  

DnV p r o v i d e s  r u l e s  f o r  env i ronmenta l  t e m p e r a t u r e  d a t a  

and d e f i n e s  d e s i g n  t e m p e r a t u r e s  (DnV 2 . 3 . 7 ,  2 . 5 ,  r e s p e c t i v e l y ) .  

P i p e l i n e s  are t o  b e  d e s i g n e d  agains t  b r i t t l e  f r a c t u r e  (DnV 
4 . 1 . 2 ) .  Material s e l e c t i o n  is t o  b e  based  o n ,  among o t h e r  
c r i t e r i a ,  t h e  t e m p e r a t u r e s  t o  which t h e  p i p e l i n e  may be sub-  
j e c t e d  d u r i n g  i n s t a l l a t i o n  and o p e r a t i o n  (DnV 5 . 1 . 1 . 2 ) .  P i p e s  
are t o  b e  impact  t e s t e d  a t  a t e m p e r a t u r e  r e l a t e d  t o  t h e  minimum 
d e s i g n  t e m p e r a t u r e  (DnV 5 . 2 . 3 . 7 ) .  

IOP code  s p e c i f i e s  t h a t  p i p e l i n e  d e s i g n  stress need n o t  
be v a r i e d  f o r  metal t e m p e r a t u r e s  between 1 1 8 O C  (244'F) and 
minus 25°C (minus  13'F).  For g a s  p i p e l i n e s ,  t r a n s i t i o n  t e m -  
p e r a t u r e  t o  b r i t t l e  f r a c t u r e  s h o u l d  b e  below t h e  minimum 

e x p e c t e d  t e m p e r a t u r e  (IOP 2 . 1 . 4 ) .  F a t i g u e  l i f e  is t o  b e  con- 
s i d e r e d  when a l a r g e  number of t e m p e r a t u r e  a n d / o r  p r e s s u r e  

c y c l e s  are l i k e l y  (IOP 2 . 6 . 4 ( b ) ) .  The materials  s e c t i o n  h a s  
a g e n e r a l  s t a t e m e n t  r e q u i r i n g  t h a t  p i p e s  and components have  

p r o p e r t i e s  s u i t a b l e  f o r  t h e  l o w e s t  t e m p e r a t u r e  (IOP 3 . 1 . 1 ) .  

b .  A n a l y s i s .  The e f f e c t s  of low t e m p e r a t u r e  upon p i p e s  

and  components are covered  by each of t h e  s t a n d a r d s  reviewed.  
The U S  and API codes  have  o n l y  general s t a t e m e n t s .  A d d i t i o n a l  
i n f o r m a t i o n ,  such  as  d e f i n i t i o n s  of  minimum, maximum and d i f -  
f e r e n t i a l  d e s i g n  t e m p e r a t u r e s  between p i p e  s e c t i o n s  ( s i m i l a r  
t o  DnV 2 . 5 )  might b e  added t o  t h e  U S  s t a n d a r d s .  A s t a t e m e n t  
d i r e c t i n g  a t t e n t i o n  t o  t e n s i l e  s t r e n g t h  and no tch- toughness  a t  
t h e  lowes t  t e m p e r a t u r e  t o  b e  e n c o u n t e r e d  might  b e  a p p r o p r i a t e  
i n  view o f  t h e  b r i t t l e  f r a c t u r e  h a z a r d .  Two o t h e r  t o p i c s  f o r  
c o n s i d e r a t i o n  are t h e  p o s s i b i l i t i e s  o f  metal f a t i g u e ,  caused 
by c y c l i n g  l o a d s  due  t o  i n t e r n a l  p r e s s u r e  a n d / o r  e x t e r n a l  l o a d  
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v a r i a t i o n ,  and changes  i n  g a s  t e m p e r a t u r e  from g a s  expans ion  
i n  p i p e l i n e s .  

2. Ice Scour  

a .  R e g u l a t i o n s .  US T i t l e  49 s a f e t y  s tandards do n o t  
a d d r e s s  ice s c o u r i n g  e x c e p t  by g e n e r a l  s tatements  r e q u i r i n g  
t h a t  p i p e l i n e s  b e  a d e q u a t e l y  p r o t e c t e d  a g a i n s t  a n t i c i p a t e d  
e x t e r n a l  l o a d s  ( U S  192.103,  1 9 5 . 1 1 0 ( a ) ) .  The gas l i n e  
s t a n d a r d s  r e q u i r e  p r o t e c t i o n  from h a z a r d s  (US 1 9 2 . 3 1 7 ( a ) )  
a l t h o u g h  t h e r e  is n o t  a c o r r e s p o n d i n g  h a z a r d  p r o t e c t i o n  re- 
quirement  i n  t h e  o i l  l i n e  s t a n d a r d s .  

API and ANSI r e q u i r e  p r o t e c t i o n  from h a z a r d s  (API 200.5, 

ANSI B31.401.51 and 4 0 2 . 1 ,  B31.841.13) bu t  n e i t h e r  men t ions  

ice  s c o u r i n g .  Although t h e  word s c o u r  i s  used  i n  API 200 .5 ,  
i ts c o n t e x t  c l e a r l y  shows t h a t  i t  r e f e r s  t o  a b r a s i v e s  suspended 
i n  s o l u t i o n  and n o t  bot tom- scour ing  from d r i f t i n g  ice k e e l s .  
According t o  C a n a d a ' s  s t a n d a r d s  for n o r t h e r n  r e g i o n s  (CSA 
2 1 8 4 . 1 1 . 3 . 1 ( a ) ) ,  i n v e s t i g a t i o n  of  ice  scour  d e p t h s ,  among o t h e r  
f a c t o r s ,  s h o u l d  b e  c o n s i s t e n t  w i t h  good e n g i n e e r i n g  p r a c t i c e .  
P r o t e c t i o n  from c o n d i t i o n s  i n c l u d i n g  ice e f f e c t s  is r e q u i r e d  
i n  t h e  main t e x t  of  t h e  o i l  s t a n d a r d s  (CSA 2 1 8 3 . 3 . 1 . 2 . 1 ) .  A 

g e n e r a l  s t a t e m e n t  abou t  p r o t e c t i o n  from abnormal l o a d s  a p p e a r s  
i n  t h e  g a s  s t a n d a r d s  ( 2 1 8 4 . 6 . 4 . 2 ) .  

D e t  n o r s k e  Veritas r e q u i r e s  c o n s i d e r a t i o n  of ice condi-  

t i o n s  and t h e i r  e f f e c t  on t h e  p i p e l i n e .  Ice s c o u r  is ment ioned,  
as are ice f o r c e s  and ice  problems d u r i n g  i n s t a l l a t i o n  (DnV 
2 . 3 . 6 . 1 ) .  Environmenta l  l o a d s  assumed for normal o p e r a t i o n  are 
not  t o  be less t h a n  t h e  most p r o b a b l e  severest l o a d  w i t h i n  100 

years (DnV 3 . 3 . 1 . 3 ) .  Ice l o a d s  s u c h  as s c o u r  are t o  b e  con- 
s i d e r e d  (DnV 3 . 3 . 6 ) .  

Ice o r  ice  s c o u r i n g  d o e s  n o t  appear  i n  t h e  IOP codes. 
The o n l y  r e f e r e n c e  c o v e r i n g  such s i t u a t i o n s  is t h e  requ i rement  
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t h a t  unusua l  l o a d i n g s  be a l lowed f o r  i n  accordance  w i t h  

a c c e p t e d  e n g i n e e r i n g  p r a c t i c e  (IOP 2 . 1 . 8 ) .  

b. A n a l y s i s .  Except  fo r  CSA and DnV r u l e s ,  ice scour- 
i n g  and i ts  effects  on s u b s e a  p i p e l i n e s  are n o t  covered  
d i r e c t l y  b y  t h e  r e g u l a t i o n s ,  a l t h o u g h  it  would be governed 
i n d i r e c t l y  by o ther  r e g u l a t i o n s  i n  r e f e r e n c e  t o  e x t e r n a l  
hazards. The Canadian and D e t  norske  Veritas r u l e s  m e r e l y  
ment ion  t h e  problem; t h e y  do no t  d e f i n e  r e q u i r e m e n t s .  

Ice s c o u r  p r e s e n t s  a n  e n g i n e e r i n g  p r o b l e m . .  A d d i t i o n a l  
research needs  t o  be done f o r  be t te r  d e t e r m i n a t i o n  of t h e  
l o c a t i o n s ,  d e p t h s ,  f r equency  and forces i n v o l v e d .  For t h e  
U S  s t anda rds ,  a requ i rement  m i g h t  be added t h a t  ice  s c o u r i n g  
p o s s i b i l i t i e s  be i n v e s t i g a t e d  and measures t a k e n  t o  p r e v e n t  
damage t o  bo th  gas and o i l  p i p e l i n e s .  

3. P e r m a f r o s t  

a .  R e g u l a t i o n s .  P e r m a f r o s t  a n d / o r  t h e  e f fec t s  of f r o z e n  
s o i l  ( i . e . ,  f r o s t  heave  or thaw s u b s i d e n c e )  on p i p e l i n e s  is 

n o t  covered  d i r e c t l y  i n  t h e  US s t a n d a r d s .  Apart f r o m  a r e q u i r e -  
ment t h a t  gas p i p e l i n e s  s h a l l  be p r o t e c t e d  from u n s t a b l e  so i l  
( U S  1 9 2 . 3 1 7 ( a ) ) ,  there is n o  ment ion  of t h e  problem.  API ' s  
recommended practices d o e s  n o t  cover  f r o z e n  s o i l  n o r  does i t  
i n c l u d e  any s t a t e m e n t s  r e g a r d i n g  p i p e l i n e s  i n  u n s t a b l e  s o i l .  
The A N S I  l i q u i d  pe t ro leum s t a n d a r d  s ta tes  t h a t  c o n s i d e r a t i o n  
i n  t h e  d e s i g n  be g iven  t o  sys tems  where  s u b s i d e n c e  i s  known t o  
o c c u r  ( A N S I  B31.401.5 .5) .  The ANSI gas l i n e  code does  n o t  
c o n t a i n  a s imi la r  s t a t e m e n t ;  however,  i t  does s a y  t h a t  unequal  
s e t t l e m e n t s  may produce  added bend ing  stresses i n  b u r i e d  p ipe  
and t h a t  un i fo rm s u p p o r t  of t r e n c h e d  p i p e  is e s s e n t i a l  ( A N S I  
B31.835.5). 

Permafrost and f r o z e n  s o i l  are c i ted  as i t e m s  t o  be 
c o n s i d e r e d  i n  t h e  Nor the rn  Regions supplement  t o  t h e  Canadian 
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s t a n d a r d s .  P r e l i m i n a r y  i n v e s t i g a t i o n s  of  s u r f a c e  and sub-  
s u r f a c e  c o n d i t i o n s  s h a l l  b e  under taken .  These s h a l l  i n c l u d e  
f o r e c a s t i n g  t h e  seasonal b e h a v i o r  of  t h e  s o i l  and s o i l  cha rac-  
t e r i s t i c s ,  such  as t e m p e r a t u r e ,  s u s c e p t i b i l i t y  t o  f r o s t  h e a v i n g ,  
heav ing  c a p a c i t y ,  p o t e n t i a l  i n s t a b i l i t y ,  and t h e  c a p a c i t y  t o  
s u p p o r t  p l a n t  l i f e  f o l l o w i n g  d i s t u r b a n c e  ( C S A  2 1 8 4 . 1 1 . 3 . 1 ( a ) ) .  
S t r e s s  ca lcu la t ions  s h a l l  be made i n  areas where d e g r a d a t i o n  
or growth of  p e r m a f r o s t  i s  p o s s i b l e ,  t o  d e t e r m i n e  whether  t h e  
p i p i n g  sys tem s h o u l d  be  r e s t r a i n e d  ( C S A  2184 .11 .3 .2 ) .  For 
below-grade i n s t a l l a t i o n s ,  when t h e  ground o r  b a c k f i l l  ( i . e . ,  
i c e - r i c h  p e r m a f r o s t )  p r e v e n t s  a d e q u a t e  s u p p o r t ,  o r  s u b s i d e n c e  
w i l l  o c c u r  c o n s e q u e n t l y ,  measures s h a l l  be  employed t o  a c h i e v e  
a d e q u a t e  s u p p o r t .  Such measures  may i n c l u d e ,  b u t  are n o t  
l i m i t e d  t o ,  use  of  a more s t a b l e  b a c k f i l l ,  m o d i f i c a t i o n  of t h e  
t h e r m a l  regime,  o r  p i l i n g s  ( C S A  2 1 8 4 . 1 1 . 4 . 1 . 1 ) .  L ikewise ,  when 
t h e  ground o r  f i l l  material  s u r r o u n d i n g  t h e  p i p e l i n e  is  known 
t o  b e  s u s c e p t i b l e  t o  f r o s t  h e a v i n g ,  measures  s h a l l  be  employed 
t o  p r o t e c t  t h e  p i p e l i n e  from such  damage ( C S A  1 1 . 4 . 1 . 2 ) .  
Measures a l s o  s h a l l  b e  t a k e n  t o  r e d u c e  d i s t u r b a n c e  of  d e l e t e r -  
i o u s  p e r m a f r o s t  ( C S A  1 1 . 4 . 4 . 2 . 2 ) .  

D e t  n o r s k e  Veritas does  n o t  r e f e r  t o  p e r m a f r o s t  p e r  se .  
The r u l e s  r e q u i r e  a d e t a i l e d  r o u t e  s u r v e y  t h a t ,  among o t h e r  
f a c t o r s ,  must  i n c l u d e  seabed  g e o t e c h n i c a l  p r o p e r t i e s  i n c l u d i n g  
p o s s i b l e  u n s t a b l e  d e p o s i t s  (DnV 2 . 2 . 1 ,  2 . 2 . 5 ) .  P i p e l i n e s  are 
t o  b e  d e s i g n e d  a g a i n s t  l o s s  of i n p l a c e  s t a b i l i t y  (DnV 4 . 1 . 2 . 1 )  
and d e s i g n  a n a l y s e s  are  t o  be  based  on s o i l  mechanics ,  among 
o t h e r  c r i t e r i a  (DnV 4 . 1 . 1 . 1 ) .  

P e r m a f r o s t  or  o t h e r  i c e - r e l a t e d  s o i l  problems are n o t  
considered i n  t h e  IOP code.  The o n l y  r e f e r e n c e  t o  u n s t a b l e  
s o i l  is r e l a t e d  t o  a s o i l j w a t e r  s l u r r y  d u r i n g  s u b s e a  t r e n c h i n g  
which may a f f e c t  t h e  n e g a t i v e  buoyancy o f  a p i p e l i n e  (IOP 
1 1 . 4 . 5 ( b ) ) .  
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b .  A n a l y s i s .  With t h e  e x c e p t i o n  of t h e  Canadian s t a n-  

H o t  o i l  p i p e / l i n e s  
d a r d s ,  t h e  r e g u l a t i o n s  reviewed h e r e  e s s e n t i a l l y  do n o t  address 
t h e  problems o f  p i p e l i n e s  i n  f r o z e n  s o i l s .  
are p a r t i c u l a r l y  s e n s i t i v e  because  of t h e  p o s s i b i l i t y  of m e l t -  
i n g  and subsequen t  s u b s i d e n c e  of f r o z e n  areas. C o n v e r s e l y ,  
refrigerated gas l i n e s  may i n d u c e  a d d i t i o n a l  f r e e z i n g  of t h e  
s o i l  which can  allow an ice b u l b  t o  form around t h e  p i p e ,  
c a u s i n g  f r o s t  heave problems.  

I n c l u s i o n  of a g e n e r a l  r equ i rement  t h a t  s u r f a c e  and sub-  
s u r f a c e  s o i l  c o n d i t i o n s  be i n v e s t i g a t e d  would be '  an  a p p r o p r i a t e  
a d d i t i o n  t o  US Pa r t s  192 and 195. Without s p e c i f y i n g  d e t a i l s ,  
it a l s o  may be r e q u i r e d  t h a t  measures  be used  t o  a c h i e v e  
a d e q u a t e  s u p p o r t  f o r  t h e  p i p e  i n  u n s t a b l e  o r  f r o z e n  areas.  
The t e r m  "adequate"  would be d e f i n e d  i n  terms of  p i p e  stress 
a l r e a d y  i n  t h e  s t a n d a r d s .  A s t a t e m e n t  a l s o  c o u l d  be  i n c l u d e d  
c a u t i o n i n g  d e s i g n e r s  abou t  d e g r a d a t i o n  o r  growth of f r o z e n  
s o i l s  t h a t  c o u l d  affect a p i p e l i n e  a d v e r s e l y .  

4 .  P i p e l i n e  S t a b i l i z a t i o n  

a.  R e g u l a t i o n s .  US gas and o i l  s t a n d a r d s  r e q u i r e  t h a t  
a l l  o f f s h o r e  p ipes  a t  depths  between 3 . 6 m  (12 f t )  and 6 0 m  
(200 f t )  must be i n s t a l l e d  so  t h a t  t h e  t o p  o f  t h e  p i p e  is 
below t h e  n a t u r a l  bottom u n l e s s  s u p p o r t e d  by  s t a n c h i o n s ,  held 

i n  place by  a n c h o r s ,  heavy c o n c r e t e  c o a t i n g ,  o r  p r o t e c t e d  by 
a n  e q u i v a l e n t  means (US 1 9 2 . 3 1 9 ( c ) ,  1 9 5 . 2 4 6 ( b ) ) .  Exposed g a s  
l i n e s  must have  enough a n c h o r s  and s u p p o r t s  t o  p r e v e n t  undue 
s t r a i n ,  resist l o n g i t u d i n a l  f o r c e s ,  and p r e v e n t  o r  damp o u t  
e x c e s s i v e  v i b r a t i o n s  (US 192.161(a)) .  A s imi l a r  requ i rement  
f o r  o i l  l i n e s  d o e s  n o t  appear ' in  Part 195. 

API recommends t h a t  exposed p i p e l i n e s  be s t ab i l i zed  by  

s u i t a b l e  means and e n t r e n c h e d  l i n e s  s h o u l d  have  s u f f i c i e n t  
we igh t  t o  p r e v e n t  f l o t a t i o n  (API 500.8.1).  
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Weight c o a t i n g  is n o t  covered  d i r e c t l y  i n  A N S I  s t a n -  

d a r d s .  For o i l  l i n e s ,  c o a t i n g  is d e f i n e d  as a dead l o a d  
(ANSI B31.401 .6 .2 ) .  Expansion of above-ground o i l  l i n e s  may 
b e  p r e v e n t e d  by a n c h o r i n g  them so expans ion  or c o n t r a c t i o n  
is absorbed  i n  t h e  same way as f o r  b u r i e d  p i p i n g  (ANSI 
B 3 1 . 4 1 9 . l ( d ) ) .  For  g a s  l i n e s ,  ANSI r e q u i r e s  t h a t  bends  or 
o f f s e t s  i n  b u r i e d  p i p e s  be r e s i s t e d  by anchorage ,  r e s t r a i n t  
due t o  s o i l  f r i c t i o n ,  o r  by l o n g i t u d i n a l  stresses i n  t h e  
p i p e  (ANSI B31.835.1). 

CSA o i l  l i n e  s t a n d a r d s  s t a t e  t h a t  t h e r e  are fundamenta l  
d i f f e r e n c e s  i n  l o a d i n g  c o n d i t i o n s  f o r  b u r i e d ,  o r  o t h e r w i s e  

r e s t r a i n e d ,  p i p i n g  and p i p e  n o t  s u b j e c t  t o  s u b s t a n t i a l  a x i a l  
r e s t r a i n t .  The e f f e c t  o f  r e s t ra in t s  s h a l l  be c o n s i d e r e d  i n  
t h e  stress c a l c u l a t i o n s  (CSA 2 1 8 3 . 3 . 5 . 1 . 3 . 5 ) .  Weight c o a t i n g s ,  
r i v e r  w e i g h t s ,  a n c h o r s  or o t h e r  means s h a l l  b e  used  t o  main- 

t a i n  p o s i t i o n  o f  s u b s e a  p i p e  under  a n t i c i p a t e d  c o n d i t i o n s  of 
buoyancy and water mot ions  (CSA 2 1 8 3 . 8 . 5 . 1 . 1 ) .  B u r i e d  g a s  
p i p e l i n e s  s h a l l  have  bends  or o f f s e t s  r e s i s t e d  by anchorage ,  
soil f r i c t i o n  or l o n g i t u d i n a l  stresses i n  t h e  p i p e .  Care 
s h o u l d  b e  t a k e n  t o  d i s t r i b u t e  anchorage  l o a d s  so  t h a t  t h e  
b e a r i n g  p r e s s u r e  is w i t h i n  s a f e  l i m i t s  ( C S A  2184 .5 .6 .1- 2) .  

D e t  n o r s k e  Veritas d e f i n e s  weight  c o a t i n g  as a material 
p r o v i d i n g  n e g a t i v e  buoyancy t o  a p i p e l i n e  (DnV 6 . 7 . 2 . 1 ) .  
Documentation o f  performance  and  s p e c i f i c a t i o n s  of we igh t  
c o a t i n g s  are r e q u i r e d  (DnV 6 . 7 . 3- 4 ) .  D e t a i l e d  a p p l i c a t i o n  
c r i t e r i a  are prov ided .  Other  p i p e l i n e  a n c h o r i n g  s y s t e m s  are 
s u b j e c t  t o  s p e c i a l  c o n s i d e r a t i o n  ( D n V  6 . 7 . 5- 6 ) .  P i p e l i n e s  
are t o  b e  d e s i g n e d  t o  p r e v e n t  e x c e s s i v e  damage t o ,  or l o s s  o f ,  
we igh t  c o a t i n g  (DnV 4 . 1 . 2 . 1 ) .  The weight  c o a t i n g  must b e  
d e s i g n e d  t o  remain i n  p l a c e  f o r  t h e  l i f e  o f  t h e  l i n e  and s h a l l  
resist minor impac t s .  A weight  c o a t i n g  n o t  cont inuous o v e r  
t h e  j o i n t s  s h o u l d  add n e g l i g i b l e  s t i f f n e s s  t o  t h e  p i p e  t o  
a v o i d  o v e r s t r e s s i n g  g i r t h  welds  (DnV 4 . 2 . 5 ) .  P i p e l i n e s  s h a l l  
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n o t  move, a p a r t  f rom p e r m i s s i b l e  d e f o r m a t i o n  from t h e r m a l  
e x p a n s i o n ,  and a l i m i t e d  amount of  s e t t l e m e n t  a f t e r  ins ta l la- '  
t i o n  (DnV 4 . 2 . 6 . 1 ) .  

I O P  codes  allow weight  coat ing ,  o r  w e i g h t s  f i t t e d  a t  
i n t e r v a l s ,  t o  a c h i e v e  n e g a t i v e  buoyancy. Negative buoyancy 
normal ly  s h o u l d  be c a l c u l a t e d  f o r  empty p i p e l i n e s  r e g a r d l e s s  
o f  t h e  c o n t e n t s '  weight  (IOP 1 1 . 4 . 5 ) .  Weight coat ing  is 
covered  i n  d e t a i l  i n c l u d i n g  s p e c i f i c  coat ings and methods o f  
a p p l i c a t i o n .  Coated p i p e s  s h a l l  be s t o r e d  d u r i n g  c u r i n g  so  
coat ing  is n o t  damaged and ,  i f  n e c e s s a r y ,  s h a l l  be p r o t e c t e d  

from f r o s t .  Dangers may ar ise i f  c o a t i n g  i s  too s t r o n g  
c a u s i n g  e x c e s s i v e  bend ing  stress a t  f i e l d  j o i n t s  d u r i n g  
l a y i n g  ( I O P  1 1 . 5 . 1 . 4 ) .  

b .  A n a l y s i s .  The U S  s a f e t y  s t a n d a r d s  mention o n l y  
weight  coat ings.  S i n c e  weight  coat ings p r o b a b l y  w i l l  b e  t h e  
p r e f e r r e d  method o f  o b t a i n i n g  a n e g a t i v e  buoyancy f o r  Arctic 
o f f s h o r e  p i p e l i n e s ,  it would be  d e s i r a b l e  t o  p r o v i d e  guide-  
l i n e s  f o r  weight  c o a t i n g s  similar t o  t h o s e  f o r  p r o t e c t i v e  
c o a t i n g s  ( U S  192.461 and 195 .238) .  O t h e r  r e g u l a t i o n s  such  
as DnV d i s c u s s e d  above have  d e t a i l e d  r e q u i r e m e n t s  of weight  
coat ings.  

5. C o r r o s i o n  P r o t e c t i o n  

a.  G a s  P i p e l i n e  Regula t ions .  Each b u r i e d  o r  submerged 

U S  g a s  p i p e l i n e  i n s t a l l e d  a f t e r  J u l y  31, 1971 must b e  pro-  
t e c t e d  agains t  ex te rna l  c o r r o s i o n  and must have an  ex te rna l  
p r o t e c t i v e  coat ing  and a c a t h o d i c  p r o t e c t i v e  sys tem ( U S  1 9 2 . 4 5 5 ) .  
Ca thod ic  p r o t e c t i o n  must meet s p e c i f i c  tes t  c r i t e r ia  and b e  
c o n t r o l l e d  so as n o t  t o  damage t h e  p r o t e c t i v e  c o a t i n g  o r  p i p e  
( U S  192.463) .  Ca thod ic  p r o t e c t i o n  sys tems  must be t e s t e d  once  
e a c h  c a l e n d a r  y e a r ;  t h e  power source and v a r i o u s  o t h e r  equ ip-  
ment must be tested a t  i n t e r v a l s  n o t  exceed ing  t w o  months 
( U S  192 .465) .  S t a n d a r d s  f o r  e lec t r ica l  i s o l a t i o n ,  
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tes t  s t a t i o n s ,  t e s t  l e a d s  and i n t e r f e r e n c e  c u r r e n t s  are pro-  
v i d e d  ( U S  192.467,  192 .469 ,  192 .471 ,  192 .473 ,  r e s p e c t i v e l y ) .  
C o r r o s i v e  c o n t e n t s  may n o t  b e  t r a n s p o r t e d  u n l e s s  t h e  c o r r o s i v e  
effect  h a s  been i n v e s t i g a t e d  and steps taken  t o  m i n i m i z e  i n -  
t e r n a l  c o r r o s i o n  ( U S  1 9 2 . 4 7 5 ( a ) ) .  S t a n d a r d s  f o r  i n s p e c t i o n  of  
p i p e ,  and replacement  i f  c o r r o d e d ,  as s p e c i f i e d  (US 1 9 2 . 4 7 5 ( b ) ) .  

API recommended p r a c t i c e s  s t a t e  t h a t  submerged s t e e l  
p i p e l i n e s  s h o u l d  be p r o t e c t e d  b y  a n  e x t e r n a l  coat ing e f f e c t i v e  
i n  t h e  environment  t o  which it is  exposed (API 8 0 1 . 1 ) .  Des ign ,  
i n s t a l l a t i o n  and maintenance  of c a t h o d i c  p r o t e c t i o n  s y s t e m s  
s h o u l d  b e  i n  accordance  w i t h  N a t i o n a l  A s s o c i a t i o n  of Cor ros ion  
E n g i n e e r s  (NACE) Recommended P r a c t i c e  06-75. S t i p u l a t i o n s  
s h o u l d  be made t h a t :  

Ga lvan ic  anode s y s t e m s  u s e  o n l y  a l l o y s  which 
have  been s u c c e s s f u l l y  t e s t e d .  

Ga lvan ic  anode sys tems  be d e s i g n e d  for p e r-  
i o d i c  replacement  o r  f o r  t h e  l i f e  o f  t h e  

p i p e l i n e .  

Components be l o c a t e d  and i n s t a l l e d  t o  mini-  
mize b e i n g  damaged. 

Electr ical  in ter ference c u r r e n t s  from neigh-  
b o r i n g  p i p e l i n e s  o r  s t r u c t u r e s  minimized.  

Allowance f o r  water d e p t h  and p r o v i s i o n  made 
fo r  t h e  e f f e c t  of  e l ec t r i ca l  c u r r e n t  v a r i a t i o n  
w i t h  t i m e ,  

I n s u l a t e d  j o i n t s  for elec t r ica l  i s o l a t i o n  of 
p o r t i o n s  of t h e  s y s t e m ,  i f  p r a c t i c a l ,  b e  above 
water ( API 802 ) . 
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The e f f e c t i v e n e s s  of  t h e  s y s t e m  s h o u l d  be  e v a l u a t e d  a t  
l eas t  a n n u a l l y .  Impressed  v o l t a g e  and c u r r e n t  o u t p u t  must b e  
v e r i f i e d  and r e c o r d e d  a t  two-month i n t e r v a l s  (API 8 0 4 ) .  For  
i n t e r n a l  c o r r o s i o n  c o n t r o l ,  API recommends NACE RP 01-75 b e  
used  t o  d e t e r m i n e  t h e  need f o r  a m i t i g a t i o n  program. The 

v a r i a b l e s  of each case w i l l  d e t e r m i n e  t h e  methods t h a t  shou ld  
be  u s e d .  A m o n i t o r i n g  program s h o u l d  b e  e s t a b l i s h e d  t o  e v a l-  
u a t e  t h e  r e s u l t s  (API 8 0 3 ) .  

ANSI g a s  s t a n d a r d s  s t a t e  t h a t  a p p l i c a t i o n s  of some 

corrosion c o n t r o l  p r a c t i c e s  r e q u i r e s  a s i g n i f i c a n t  amount of  
competent  judgment.  D e v i a t i o n  from t h e  p r o v i s i o n s  is per-  

m i s s i b l e ,  p rov ided  t h e  o p e r a t i n g  company can  demons t ra te  t h a t  
t h e  o b j e c t i v e s  have  been a c h i e v e d  (ANSI B31 .861 .1 ) .  All new 
l i n e s  s h a l l  be  p r o t e c t e d  e x t e r n a l l y  w i t h  a c o a t i n g  mater ia l  
(ANSI B31.862.111).  Unless  t h e  company can p rove  i t  is un-  
n e c e s s a r y ,  a l l  f a c i l i t i e s  w i t h  i n s u l a t e d- t y p e  c o a t i n g s  s h a l l  

be  c a t h o d i c a l l y  p r o t e c t e d  i n  accordance  w i t h  NACE RP 01-72 
(ANSI B31.862.113) .  Requirements  f o r  c o a t i n g  i n s p e c t i o n ,  
i n s t a l l a t i o n  of e l ec t r i ca l  c o n n e c t i o n s  and e l e c t r i c a l  i n t e r -  
f e r e n c e  are p r o v i d e d  (ANSI B31.862.112,  862 .114 ,  862.116,  
r e s p e c t i v e l y ) .  E lec t r ica l  measurements and i n s p e c t i o n s  must 
b e  made of c a t h o d i c  p r o t e c t i o n  sys tems .  The t y p e ,  number and 
l o c a t i o n  of  t h e  tests s h a l l  e s t a b l i s h  t h e  d e g r e e  of  p r o t e c t i o n  
p r o v i d e d .  However, each o p e r a t i n g  company s h a l l  i n s p e c t  i t s  
impressed  c u r r e n t  c a t h o d i c  p r o t e c t i o n  f a c i l i t i e s  a t  l eas t  
a n n u a l l y  (ANSI B31.864.1- 2).  I n t e r n a l  c o r r o s i o n  h a s  t o  be  
p r e v e n t e d .  D e f i n i t i o n s  of non- cor ros ive  and c o r r o s i v e  g a s e s  
are p rov ided  as w e l l  as general s t a n d a r d s  f o r  i n h i b i t o r s  and 
i n t e r n a l  c o a t i n g s  (ANSI B31.863.1- 3).  

CSA s t a n d a r d s  r e q u i r e  c o a t i n g  and c a t h o d i c  p r o t e c t i o n  

on new sys tems  (CSA 2 1 8 4 . 8 . 2 ) .  E l ec t r i ca l  r e q u i r e m e n t s  are 
s p e c i f i e d  (CSA 2184.8 .2 .5- 10,  2 1 8 4 . 8 . 2 . 9  and 2 1 8 4 . 1 0 . 4 . 2 ) .  
The o p e r a t i n g  company s h a l l  e s t a b l i s h  s u r v e y s  t h a t  v e r i f y  
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t h e  o p e r a t i o n  o f  t h e  v a r i o u s  d e v i c e s .  T h e  f requency  of these 
s u r v e y s  is t o  be d e t a i l e d  i n  t h e  company's o p e r a t i n g  and 
maintenance  p l a n  (CSA 2 1 8 4 . 8 . 3 . 2 ) .  When a c t i v e  c o r r o s i v e  
a g e n t s  are known t o  b e  i n  t h e  g a s  b e i n g  conveyed,  or i f  e v i -  
dence  o f  i n t e r n a l  c o r r o s i o n  is d i s c o v e r e d ,  t h e  gas s h a l l  be 

a n a l y z e d  p e r i o d i c a l l y  and p r e c a u t i o n s  t a k e n  t o  p r e v e n t  a 
haza rdous  c o n d i t i o n  (CSA 2 1 8 4 . 9 . 1 . 1 . 3 ) .  

According t o  DnV r u l e s ,  e x t e r n a l  c o a t i n g  and c a t h o d i c  
p r o t e c t i o n  by s ac r i f i c i a l  anodes  or impressed  c u r r e n t  is  
normal ly  r e q u i r e d  f o r  a l l  submerged p i p e l i n e s .  Wall t h i c k-  
n e s s  allowance is  c o n s i d e r e d  n e c e s s a r y  where  i n t e r n a l  or 
e x t e r n a l  e r o s i o n  may be e x p e c t e d .  Electr ical  i n s u l a t i n g  
d e v i c e s  are t o  be  i n s t a l l e d  when needed (DnV 6 .1 .3) .  A 
d e t a i l e d  c o a t i n g  s p e c i f i c a t i o n  is  prov ided  which i n c l u d e s  
character is t ics  and p r o p e r t i e s  t o  b e  s u b m i t t e d  t o  DnV f o r  
a p p r o v a l .  Also t o  b e  s u b m i t t e d  f o r  a p p r o v a l  are p r o c e d u r e  
s p e c i f i c a t i o n s  for p i p e  c o a t i n g  and f i e l d  j o i n t  c o a t i n g  
a p p l i c a t i o n  (DnV 6 . 2 . 2- 5 ) .  C o r r o s i o n  p r o t e c t i o n  by sacr i-  
f i c i a l  anodes  is covered  by s e c t i o n s  on d e s i g n ,  materials 
and i n s t a l l a t i o n .  A d e s i g n  and material s p e c i f i c a t i o n  is  t o  
be s u b m i t t e d  f o r  a p p r o v a l  (DnV 6 . 4 ) .  Cor ros ion  p r o t e c t i o n  
by impressed  c u r r e n t  has a v i r t u a l l y  i d e n t i c a l  s e c t i o n  on 
d e s i g n  and a l s o  r e q u i r e s  a d e s i g n  s p e c i f i c a t i o n  t o  be sub-  
m i t t e d  for a p p r o v a l  (DnV 6 . 5 ) .  

I n t e r n a l  p r o t e c t i o n  must b e  c o n s i d e r e d  f o r  p i p e l i n e s  
which,  d u r i n g  i n s t a l l a t i o n  or o p e r a t i o n ,  may be  s u b j e c t e d  t o  
c o r r o s i o n .  Trea tment  o f  t h e  p r o d u c t  may be u t i l i z e d  as a 
means of c o n t r o l l i n g  c o r r o s i o n ,  as  may p i g g i n g  a t  r e g u l a r  
i n t e r v a l s ,  and c o r r o s i o n  m o n i t o r i n g  (DnV 6 . 6 . 1 . 1 ) .  If i n -  
t e r n a l  c o r r o s i o n  p r o t e c t i o n  is n e c e s s a r y ,  s p e c i f i c a t i o n s  o f  
t h e  sys tems  t o  b e  used  are t o  b e  s u b m i t t e d  f o r  a p p r o v a l .  
A p p l i c a t i o n  of i n h i b i t o r s  or i n t e r n a l  c o a t i n g  may be r e l e v a n t  
means o f  c o r r o s i o n  p r o t e c t i o n .  
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IOP codes s t a t e  t h a t  submarine p i p e l i n e s  should be  

coa ted  e x t e r n a l l y  t o  p r o t e c t  a g a i n s t  co r ros ion  (IOP 11 .5 .1 .3) ' .  
B a s i c  requ i rements  f o r  t h e  des ign  o f  ca thod ic  p r o t e c t i o n  f o r  
coa ted  p i p e l i n e s  i nc lude  i n s u l a t i o n  of t h e  p i p e l i n e  from t h e  
s o i l .  Measuring p o i n t s  should  be  provided a long  t h e  p i p e l i n e  
t o  determine p o t e n t i a l ,  e s p e c i a l l y  i n  h igh ly  c o r r o s i v e  s o i l s  

and v u l n e r a b l e  water  a r e a s  (IOP 7 . 3 . 6 ) .  Genera l  g u i d e l i n e s  
f o r  s a c r i f i c i a l  anode and impressed c u r r e n t  s y s t e m s  is pro- 
vided ( I O P  7 . 4 ) .  P ipe- to- so i l  p o t e n t i a l  measurements should 

be taken  a t  least annua l ly  o r  whenever an abnormal cond i t i on  
is  i n d i c a t e d  ( I O P  7 . 5 ) .  No increase i n  t h i c k n e s s  need be made 
u n l e s s  i n t e r n a l  c o r r o s i o n ,  e x t e r n a l  co r ros ion  or e r o s i o n  is 
expected.  N e i t h e r  is  allowance r e q u i r e d  when c o r r o s i v e  f l u i d  
is  t o  be t r a n s p o r t e d ,  provided t h a t  long-term measures are 
taken t o  prevent  such c o r r o s i o n .  C r i t e r i a  f o r  determining 
w h e t h e r  a gas  is non- corrosive and non- erosive are provided 
(IOP 2.2.3(b)). 

b .  O i l  P i p e l i n e  Regula t ions .  U S  o i l  l i n e  s t a n d a r d s ,  

l i k e  t h e  gas  l i n e  s t a n d a r d s ,  r e q u i r e  p r o t e c t i v e  c o a t i n g  and 
ca thod ic  p r o t e c t i o n  ( U S  195.238, 195.242) on l i n e s  i n s t a l l e d  
s i n c e  Apr i l  1970. Character is t ics  o f  t h e  c o a t i n g  are provided 
( U S  195 .238) ,  as are c a t h o d i c  p r o t e c t i o n  t es t  l e a d  r e q u i r e-  
m e n t s  ( U S  195.244) .  Cathodic p r o t e c t i o n  systems s h a l l  be 
t e s t e d  a t  i n t e r v a l s  n o t  exceeding 12 months whi le  each rect i-  
f i e r  must be i n spec t ed  a t  i n t e r v a l s  not  exceeding two months 
( U S  195.416) .  N o  commodity t h a t  would corrode t h e  p i p e  or 
components may be  t r a n s p o r t e d  u n l e s s  t h e  co r ros ion  e f f e c t  i s  
m i t i g a t e d  ( U S  195 .418(a ) ) .  S tandards  fo r  i n s p e c t i o n  o f  p i p e ,  
and replacement i f  cor roded ,  are s p e c i f i e d  ( U S  195.418) .  

API recommended p r a c t i c e s  f o r  l i q u i d  o i l  l i n e  co r ros ion  

c o n t r o l  are t h e  same a s  t h o s e  f o r  gas  l i n e s .  

ANSI s t a n d a r d s  r e q u i r e  con t ro l  of e x t e r n a l  co r ros ion  of 
new bu r i ed  or submerged o i l  l i n e s  but  do n o t  d i c t a t e  how it 
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is t o  b e  a c h i e v e d .  However, w i t h i n  12  months a f t e r  i n s t a l l a -  
t i o n ,  t h e  o p e r a t i n g  company must i n s p e c t  t h e  b u r i e d  or sub-  
merged sys tem.  I f  a c o r r o s i v e  c o n d i t i o n  e x i s t s ,  t h e  p i p i n g  
sys tem s h a l l  b e  p r o t e c t e d  c a t h o d i c a l l y  (ANSI B 3 1 . 4 6 1 . 1 . 1 ( a ) ) .  
P r o t e c t i v e  c o a t i n g s ,  i f  u s e d ,  s h a l l  have  character is t ics  
l i s t e d  i n  t h e  s t a n d a r d s  (ANSI 4 6 1 . 1 . 2 ) .  

Electr ical  i s o l a t i o n ,  t e s t  l e a d  and e l ec t r i ca l  i n t e r f e r -  

ence s t a n d a r d s  are p rov ided  (ANSI B31.461.1 .4- 6) .  Ca thod ic  
p r o t e c t i o n  s y s t e m s  f o r  o i l  l i n e s  s h a l l  b e  t e s t e d  a t  i n t e r v a l s  
n o t  exceed ing  15 months,  w h i l e  impressed  c u r r e n t  power s o u r c e s  

and v a r i o u s  o t h e r  d e v i c e s  s h a l l  b e  i n s p e c t e d  a t  i n t e r v a l s  n o t  
exceed ing  two months (ANSI 231 .461 .3 ) .  M i t i g a t i o n  o f  i n t e r n a l  
c o r r o s i o n  th rough  t h e  u s e  o f  f r e q u e n t  s c r a p i n g ,  p i g g i n g ,  o r  
s p h e r i n g ,  d e h y d r a t i o n ,  i n h i b i t i o n ,  o r  i n t e r n a l  c o a t i n g  i s  
s u g g e s t e d  and n o n- s p e c i f i c  s t a n d a r d s  are g iven  f o r  d e h y d r a t i o n ,  
i n h i b i t o r s  and i n t e r n a l  c o a t i n g s  (ANSI B31.462.1) .  

CSA s t a n d a r d s  r e q u i r e  c o a t i n g  and c a t h o d i c  p r o t e c t i o n  
on new o i l  p i p e l i n e  s y s t e m s  (CSA 2 1 8 3 . 1 0 . 2 . 1 ) ;  e l ec t r i ca l  
r e q u i r e m e n t s  are s p e c i f i e d  (CSA 2 1 8 3 . 1 0 . 2 . 5 ,  2183.10.2 .6- 7,  
2 1 8 3 . 1 0 . 2 . 7 . 2 ,  r e s p e c t i v e l y ) ;  c o r r o s i o n  c o n t r o l  tes t  s t a t i o n s  
are t o  b e  p rov ided  a t  i n t e r v a l s ;  t e s t  l e a d  c o n n e c t i o n s  must 
be s e c u r e ,  c o n d u c t i v e  and ,  w i t h  t h e  t es t  l e a d s ,  i n s u l a t e d  from 
t h e  environment  (CSA 2 1 8 3 . 1 0 . 2 . 9 ) ;  p i p e l i n e s  s h a l l  b e  su rveyed  
a t  i n t e r v a l s  n o t  exceed ing  15 months t o  e s t a b l i s h  t h a t  t h e  
c a t h o d i c  p r o t e c t i o n  meets a c c e p t e d  c r i t e r i a ;  impressed  c u r r e n t  

sys tems  o p e r a t i o n  s h a l l  b e  v e r i f i e d  a t  i n t e r v a l s  of n o t  more 
t h a n  s i x  weeks; o p e r a t i o n  o f  o t h e r  d e v i c e s  s h a l l  be v e r i f i e d  
a t  i n t e r v a l s  n o t  exceed ing  10 weeks or a y e a r ,  depending on 

t h e  d e v i c e  (CSA 2 1 8 3 . 1 0 . 2 . 9 ) .  The o p e r a t i n g  company s h a l l  
d e t e r m i n e  t h e  i n t e r n a l  c o r r o s i v e  e f f e c t s  o f  t h e  commodity 
b e i n g  t r a n s p o r t e d  i n  o i l  l i n e s .  A p p r o p r i a t e  a c t i o n  s h a l l  be 
t a k e n  t o  minimize t h e  e f f e c t s  of i n t e r n a l  c o r r o s i o n .  A c t i o n s  
t o  be c o n s i d e r e d  i n c l u d e ,  b u t  are  n o t  l i m i t e d  t o ,  d e h y d r a t i o n ,  
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i n h i b i t o r s ,  p i g g i n g  and i n t e r n a l  c o a t i n g .  Adequate t e c h n i q u e s  

s h a l l  be u t i l i z e d  t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  t h e  i n t e r -  
n a l  c o r r o s i o n  m i t i g a t i o n  (CSA 2183.11) .  

DnV and IOP r u l e s  f o r  l i q u i d  o i l  p i p e l i n e  c o r r o s i o n  

p r o t e c t i o n  are t h e  same a s  f o r  g a s  l i n e s  p r e v i o u s l y  d e s c r i b e d .  

c .  A n a l v s i s .  Ex te rna l  c o r r o s i o n  e f f e c t s  are t h e  same 
f o r  b o t h  g a s  and o i l  p i p e l i n e s ,  y e t  t h e  U S  P a r t  192 goes  i n t o  
g r e a t e r  d e t a i l  t h a n  P a r t  195.  B r i e f e r  P a r t  195  s t a n d a r d s  do 

n o t  c o n f l i c t  w i t h  t h o s e  i n  P a r t  192 and t h e  p o s s i b i l i t y  of  
making t h e  e x t e r n a l  c o r r o s i o n  s e c t i o n s  of  b o t h  p a r t s  i d e n t i c a l  
s h o u l d  b e  c o n s i d e r e d .  U S  g a s  l i n e  r e g u l a t i o n s ,  w h i l e  n o t  as 
d e t a i l e d  as t h e  Canadian and D e t  n o r s k e  Veritas r u l e s ,  appear  
t o  need no a d d i t i o n s  t o  make them s u i t a b l e  f o r  Arctic subsea 
c o n d i t i o n s .  L ikewise ,  i n t e r n a l  c o r r o s i o n  p r o t e c t i o n  s t a n d a r d s  
i n  P a r t s  192 and 195  appear  t o  b e  s a t i s f a c t o r y .  

6 .  Welding I n s p e c t i o n  

a.  R e g u l a t i o n s .  V i s u a l  i n s p e c t i o n  of we ld ing  must be 

conduc ted ,  a c c o r d i n g  t o  t h e  U S  s t a n d a r d s  f o r  g a s  and o i l  
p i p e l i n e s ,  t o  i n s u r e  t h a t  we ld ing  is performed i n  accordance  
w i t h  approved p r o c e d u r e s  and t h e  w e l d ' s  a c c e p t a b i l i t y  is 
de te rmined  a c c o r d i n g  t o  API s t a n d a r d  1104-1973, S e c t i o n  6 

( U S  192.241,  195 .228) .  One hundred p e r c e n t  o f  o f f s h o r e  g a s  

and o i l  p i p e l i n e  f i e l d  b u t t  w e l d s ,  w i t h  i n s i g n i f i c a n t  excep-  
t i o n s ,  must b e  n o n d e s t r u c t i v e l y  t e s t e d .  I f  t e s t i n g  a l l  welds  
is  n o t  p r a c t i c a b l e ,  n o t  less t h a n  90 p e r c e n t  s h a l l  b e  done.  
N o n d e s t r u c t i v e  t e s t i n g  must be  performed by any p r o c e s s  t h a t  
w i l l  i n d i c a t e  c lea r ly  i m p e r f e c t i o n s  t h a t  may a f f e c t  t h e  i n -  
t e g r i t y  o f  t h e  weld ( U S  192 .243 ,  195 .234) .  

API p r a c t i c e s  s t a t e  t h a t  a l l  g i r t h  welds  s h o u l d  b e  
i n s p e c t e d  v i s u a l l y .  I f  p r a c t i c a l ,  100 p e r c e n t  of  t h e  g i r t h  
we lds  i n  t h e  p i p e l i n e  s h o u l d  be i n s p e c t e d  by r a d i o g r a p h i c  or 
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o t h e r  n o n d e s t r u c t i v e  methods  b e f o r e  c o a t i n g  t h e  we ld  area. 
I n  no case s h o u l d  fewer t h a n  90 p e r c e n t  o f  s u c h  welds be so 
i n s p e c t e d  (API 6 0 0 . 3 . 2 ) .  

S t a n d a r d s  o f  a c c e p t a b i l i t y  f o r  v a r i o u s  w e l d i n g  c h a r a c-  

t e r i s t i c s  a c c o r d i n g  t o  ANSI g a s  and o i l  p i p e l i n e  codes, are 
set f o r t h  u n d e r  API s t a n d a r d  1104  and  are a p p l i c a b l e  t o  t h e  

d e t e r m i n a t i o n  o f  d e f e c t s  l o c a t e d  by v i s u a l  i n s p e c t i o n ,  r a d i o-  
graphy  o r  o t h e r  n o n d e s t r u c t i v e  methods  (ANSI B 3 1 . 4 3 4 . 8 . 5 ( b ) ,  
B 3 1 . 8 2 6 . 2 ( ~ ) ) .  O n e  hundred  p e r c e n t  o f  t h e  g i r t h  w e l d s  on 
o f f s h o r e  o i l  p i p e l i n e s  s h a l l  b e  i n s p e c t e d  by r a d i o g r a p h i c  o r  
o t h e r  a c c e p t e d  n o n d e s t r u c t i v e  methods  ( v i s u a l  i n s p e c t i o n  

e x c e p t e d )  (ANSI B 3 1 . 4 3 4 . 8 . 5 ) .  The A N S I  g a s  l i n e  s t a n d a r d  

(B31 .826 .2 )  s p e c i f i c a l l y  d o e s  n o t  m e n t i o n  o f f s h o r e  a p p l i c a -  

t i o n s  r e g a r d i n g  g i r t h  weld  i n s p e c t i o n .  However, a t  m a j o r  o r  
n a v i g a b l e  r i v e r  c r o s s i n g s ,  w i t h  i n s i g n i f i c a n t  e x c e p t i o n s ,  100  

p e r c e n t  n o n d e s t r u c t i v e  t e s t i n g  ( e x c e p t i n g  v i s u a l  and  t r e p a n n i n g )  
s h a l l  be pe r fo rmed  i f  p r a c t i c a l ,  b u t  o t h e r w i s e  n o t  less t h a n  
90  p e r c e n t .  

The Canadian  S t a n d a r d s  Associat ion d o e s  n o t  s p e c i f y  

v i s u a l  i n s p e c t i o n  o f  g i r t h  w e l d s ;  however ,  s t a n d a r d s  o f  a c c e p t -  

a b i l i t y  a p p l y  t o  t h e  d e t e r m i n a t i o n  o f  d e f e c t s  by v i s u a l ,  r a d i o -  
g r a p h i c  o r  o t h e r  n o n d e s t r u c t i v e  t e s t  methods  o f  g a s  and  o i l  

l i n e s  (CSA 2 1 8 3 . 5 . 1 0 . 1 ,  2 1 8 4 . 4 . 1 1 . 1 ) .  One hundred  p e r c e n t  of 
o f f s h o r e  g a s  and  o i l  p i p e l i n e  g i r t h  w e l d s  s h a l l  b e  r a d i o -  

g r a p h i c a l l y  i n s p e c t e d  (CSA 2 1 8 3 . 5 . 9 . 1 . 2 . 1 ,  2 1 8 4 . 4 . 1 0 . 2 . 1 . 2 ) .  
D e t a i l e d  d e s c r i p t i o n s  and  s p e c i f i c a t i o n s  o f  w e l d i n g  d e f e c t s  

t h a t  are a n d  are n o t  a l l o w e d  a p p e a r  i n  t h e  g a s  and o i l  s t a n -  
d a r d s  (CSA 2 1 8 3 . 4 . 1 1 . 3- 1 0 ,  2 1 8 4 . 5 . 1 0 . 3- 1 0 ) .  S t a n d a r d s  f o r  
t h e  p r o d u c t i o n  of r a d i o g r a p h s  a l so  are g i v e n  (CSA 2 1 8 3 . 5 . 1 2 ,  
Z 1 8 4 . 4 . 1 3 . 1 )  . 

D e t  n o r s k e  Veri tas  r u l e s  f o r  o f f s h o r e  g a s  and  o i l  p i p e-  
l ihes  r e q u i r e  v i s u a l  e x a m i n a t i o n  of  f i e l d  w e l d s  b e f o r e ,  d u r i n g  
a n d  a f t e r  w e l d i n g  (DnV 8 . 6 . 2 ) .  A l l  f i e l d  w e l d s  are t o  be 
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examined 100 p e r c e n t  by e i t h e r  r a d i o g r a p h y ,  o r  u l t r a s o n i c  p l u s  
magne t i c  p a r t i c l e  t e s t i n g .  I f  r a d i o g r a p h i c  examina t ion  is 
a p p l i e d ,  t h e  s o c i e t y  may s p e c i f y  a d d i t i o n a l  s p o t  examina t ions  
by u l t r a s o n i c s ,  o r  o t h e r  r e l e v a n t  methods,  dependent  on t h e  
a p p l i e d  we ld ing  method (DnV 8 . 6 . 3 . 1 ) .  E x t e r n a l  appearance  
c h a r a c t e r i s t i c s  o f  f i e l d  welds  are s p e c i f i e d  (DnV 7 . 2 . 6 . 1 1 ) .  

D e t a i l e d  s t a n d a r d s  o f  a c c e p t a b i l i t y  f o r  we ld ing  are  s u p p l i e d  
which i n c l u d e  b o t h  t h e  weld i t s e l f  and r e s u l t s  of t h e  v a r i o u s  

means o f  n o n d e s t r u c t i v e  t e s t i n g  ( D n V  1 0 . 5 ) .  P rocedure  s p e c i -  

f i c a t i o n s  and r e l a t e d  r e q u i r e m e n t s  f o r  n o n d e s t r u c t i v e  t e s t i n g  

are g iven  (DnV 1 . 2- 4 ) .  

I n s t i t u t e  o f  Pe t ro leum r u l e s  s t a t e  t h a t  a l l  f i e l d  we ld ing  
of i n d i v i d u a l  p i p e s  s h o u l d  b e  examined by r a d i o g r a p h i c  methods 

(IOP 1 1 . 5 . 1 . 2 ) .  The t o p i c  is r e p e a t e d  i n  a l a t e r  s e c t i o n  which 
s t a tes  t h a t  a comple te  r a d i o g r a p h i c  examina t ion  of  a l l  b u t  

welds  on submarine p i p e s  s h o u l d  be  made, u s u a l l y  by means  o f  
a s u i t a b l e  x- ray mach ine  (IOP 11 .5 .3 .3 ) .  The r a d i o g r a p h i c  

p rocedure  s h o u l d  conform t o  t h e  r e q u i r e m e n t s  o f  API s t a n d a r d  
1104 or B r i t i s h  s t a n d a r d  2910 (IOP 5 . 3 . 1 3 ) .  

b .  A n a l y s i s .  V i sua l  i n s p e c t i o n  o f  p i p e l i n e  welds  is 
r e q u i r e d  by a l l  of  t h e  r e g u l a t i o n s  reviewed.  D e t a i l e d  s t a n-  

d a r d s  of  a c c e p t a b i l i t y  are l i s t e d ,  e i t h e r  d i r e c t l y  or by r e f e r -  

ence. A l l  o f  t h e  r e g u l a t i o n s  reviewed concur  t h a t  100 p e r c e n t  

o f  t h e  g i r t h  welds  b e  t e s t e d  n o n d e s t r u c t i v e l y .  Some, i n c l u d-  
i n g  t h e  U S ,  pe rmi t  o n l y  90 p e r c e n t  i f  t e s t i n g  100 p e r c e n t  of  

t h e  welds  is n o t  p r a c t i c a l .  

The U S  s t a n d a r d s  are as a p p l i c a b l e  as any  o f  t h o s e  

reviewed i n  terms of s u i t a b i l i t y  f o r  t h e  Arctic w i t h  t h e  excep-  
t i o n  o f  c lauses  p e r m i t t i n g  n o n d e s t r u c t i v e  t e s t i n g  of 90 p e r c e n t  

of welds  i f  100 p e r c e n t  t e s t i n g  is n o t  p r a c t i c a l .  The p o s s i -  
b i l i t y  o f  r e q u i r i n g  t e s t i n g  of all welds  w i t h o u t  e x c e p t i o n  may 

b e  p r e f e r r e d .  
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7. P r e s s u r e  T e s t i n g  

a .  R e g u l a t i o n s .  U S  s t a n d a r d s  r e q u i r e  p i p e l i n e s  t o  b e  
p r e s s u r e- t e s t e d  b e f o r e  b e i n g  p l a c e d  i n  s e r v i c e  and b e f o r e  b e i n g  
r e t u r n e d  t o  s e r v i c e  a f t e r  a segment h a s  been r e l o c a t e d  o r  re- 
p l a c e d  ( U S  1 9 2 . 5 0 3 ( a ) ,  1 9 5 . 3 0 2 ( a ) ) .  G a s  p i p e l i n e s  must u s e  
l i q u i d ,  a i r ,  n a t u r a l  g a s  o r  i n e r t  g a s  t h a t  is c o m p a t i b l e  w i t h  
t h e  p i p e l i n e  mater ia l ,  r e l a t i v e l y  f r e e  of  sed iment  and ,  e x c e p t  
f o r  n a t u r a l  g a s ,  nonflammable ( U S  1 9 2 . 5 0 3 ( b ) ) .  

I f  a i r ,  n a t u r a l  g a s  o r  i n e r t  g a s  is used as t h e . t e s t  
medium, t h e  maximum hoop stress is  l i m i t e d  t o  90 p e r c e n t  o f  
SYMS f o r  Class  1 l o c a t i o n  gas  l i n e s  ( U S  1 9 2 . 5 0 3 ( c ) ) .  Gas 
p i p e l i n e s  t o  b e  o p e r a t e d  a t  a hoop stress of 30 p e r c e n t  o r  
more of  SMYS and a l l  o f f s h o r e  p i p e l i n e s  i n s t a l l e d  a f t e r  J u l y  
31 ,  1977,  when h y d r o s t a t i c a l l y  p r e s s u r e - t e s t e d ,  must b e  t e s t e d  
t o  125  p e r c e n t  o f  maximum o p e r a t i n g  p r e s s u r e .  The s t r e n g t h  
t es t  must be conducted  by m a i n t a i n i n g  t h e  p r e s s u r e  a t  o r  above 
t h e  t es t  p r e s s u r e  f o r  a t  l e a s t  e i g h t  hours  ( U S  1 9 2 . 5 0 5 ) .  

Each l i q u i d  o i l  p i p e l i n e  must b e  t e s t e d  h y d r o s t a t i c a l l y  

w i t h o u t  l e a k a g e .  The t es t  p r e s s u r e  which is 125 p e r c e n t  o f  
t h e  maximum o p e r a t i n g  p r e s s u r e  must be  m a i n t a i n e d  f o r  a t  l eas t  
24 h o u r s  ( U S  1 9 5 . 3 0 2 ) .  O f f s h o r e  l i q u i d  o i l  p i p e l i n e s  must 

u s e  water as  t h e  t es t  medium ( U S  1 9 5 . 3 0 6 ( a ) ) .  

API s p e c i f i e s  t h a t  a l l  new p i p e l i n e  s y s t e m s  be  p r e s s u r e  
t e s t e d  a f t e r  c o n s t r u c t i o n  (API 6 0 1 . 3 . 1 ) .  Every p o i n t  i n  an  
o f f s h o r e  hydrocarbon p i p e l i n e  s y s t e m  s h o u l d  be  s u b j e c t e d  t o  a 
test  p r e s s u r e  n o t  less t h a n  125 p e r c e n t  o f  t h e  i n t e r n a l  d e s i g n  
p r e s s u r e ,  p l u s  t h e  e x t e r n a l  p r e s s u r e  a t  t h a t  p o i n t .  The  dura-  
t i o n  of t h e  p o s t - i n s t a l l a t i o n  p r e s s u r e  tests s h o u l d  n o t  b e  
less t h a n  e i g h t  h o u r s .  P r e s s u r e  tests s h o u l d  b e  conducted  
u s i n g  water as t h e  t e s t  medium, e x c e p t  t h a t  a i r  o r  g a s  may b e  
u s e d ,  p r o v i d e d  a f a i l u r e  o r  r u p t u r e  o f  t h e  p i p e l i n e  would n o t  
endanger p e r s o n n e l .  E f f e c t s  of  t e m p e r a t u r e  change s h o u l d  be 
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t a k e n  i n t o  account  when i n t e r p r e t a t i o n s  are made of  r e c o r d e d  

t es t  p r e s s u r e s  (API 6 0 1 . 4 . 1 ) .  

ANSI codes  r e q u i r e  a l l  l i q u i d  pe t ro leum and gas p ipe-  

l i n e s  t o  be  t e s t e d  a f t e r  c o n s t r u c t i o n  (ANSI B31.437.1 ,  

B31.841.31) .  L i q u i d  pe t ro leum p i p i n g  s y s t e m s  t o  b e  o p e r a t e d  

a t  a hoop stress o f  more t h a n  20 p e r c e n t  of  t h e  SMYS s h a l l  be  

s u b j e c t e d  t o  a h y d r o s t a t i c  t e s t  e q u i v a l e n t  t o  n o t  more t h a n  

1 . 2 5  t i m e s  t h e  i n t e r n a l  d e s i g n  p r e s s u r e  a t  t h a t  p o i n t .  The 

tes t  d u r a t i o n  s h a l l  n o t  be  less  t h a n  e i g h t  h o u r s .  I t  s h a l l  

b e  conducted  w i t h  w a t e r ,  e x c e p t  under  c e r t a i n  s p e c i f i e d  con- 

d i t i o n s  when t h e  u s e  o f  l i q u i d  p e t r o l e u m ,  t h a t  does  n o t  vapor-  

i ze  r a p i d l y ,  i s  p e r m i t t e d .  E f f e c t s  of t e m p e r a t u r e  changes  

s h a l l  be  t a k e n  i n t o  account  when i n t e r p r e t a t i o n s  are  made of 
r e c o r d e d  t es t  p r e s s u r e s  (ANSI B 3 1 . 4 3 7 . 4 . 1 ) .  All g a s  p i p e l i n e s  

t o  b e  o p e r a t e d  a t  a hoop stress of 30 p e r c e n t  o r  more of t h e  

SMYS s h a l l  b e  t e s t e d  w i t h  a i r  o r  g a s  o r  h y d r o s t a t i c a l l y  t o  1.1 

t i m e s  t h e  maximum o p e r a t i n g  p r e s s u r e  (ANSI B31.841.3) .  

CSA r e q u i r e s  t h a t  o i l  and g a s  p i p e l i n e s  b e  p r e s s u r e-  

t e s t e d  (CSA 2 1 8 3 . 7 . 1 1 ,  2 1 8 4 . 6 . 4 . 7 ) .  O i l  p i p e l i n e s  s h a l l  under-  

go s u c c e s s f u l l y  a t e s t  p r e s s u r e  of 125 p e r c e n t  of  t h e  i n t e n d e d  

maximum o p e r a t i n g  p r e s s u r e  f o r  24 h o u r s ,  o r  a s t r e n g t h  t e s t  
o f  n o t  less t h a n  f o u r  h o u r s  d u r a t i o n  and a proof  t es t  (CSA 
2 1 8 3 . 7 . 1 . 2 ) .  Bur ied  g a s  p i p e l i n e s  t o  be o p e r a t e d  a t  30 p e r-  

c e n t  or more of SMYS s h a l l  b e  t e s t e d  t o  a t  l e a s t  1 . 2 5  t i m e s  
t h e  maximum o p e r a t i n g  p r e s s u r e  f o r  a minimum of  24 h o u r s .  

The t e s t i n g  medium f o r  o i l  p i p e l i n e s ,  w i t h  a maximum 

o p e r a t i n g  p r e s s u r e  g r e a t e r  t h a n  100 p s i g ,  s h a l l  b e  water 
wherever  p r a c t i c a b l e .  O i l  may be  used f o r  s p e c i a l  s i t u a t i o n s  

(CSA 2 1 8 3 . 7 . 4 . 1 . 1 ) .  A i r  o r  o t h e r  g a s e s  may b e  used  as t h e  

t e s t i n g  medium f o r  o i l  p i p e l i n e s  w i t h  a p r e s s u r e  of  100 p s i g  

o r  less (CSA 2 1 8 3 . 7 . 4 . 2 ) .  G a s  p i p e l i n e s  s h a l l  b e  t e s t e d  w i t h  

a i r ,  g a s  o r  an  approved l i q u i d .  Wherever p r a c t i c a b l e ,  a l i q u i d  

i n s t e a d  of a gaseous  medium s h a l l  b e  used  (CSA 2 1 5 4 . 6 . 4 . 8 . 1 . 2 ) .  
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I n  Nor the rn  r e g i o n s ,  t h e  stresses and reactions o f  g a s  l i n e s  
i n  uns tab le  s o i l  s h a l l  be inves t iga ted  when t h e  weight  o f  t h e  
tes t  medium c o n t r i b u t e s  a d d i t i o n a l  stresses. The t e m p e r a t u r e  
o f  t h e  t e s t  medium s h a l l  be such  as t o  p r e v e n t  d e t r i m e n t a l  
m e l t i n g  o f  p e r m a f r o s t  (CSA 2184.11.5 .2) .  

DnV r e q u i r e s  p i p e l i n e s  t o  b e  t e s t e d  h y d r o s t a t i c a l l y  

a f t e r  i n s t a l l a t i o n  t o  1 . 2 5  times t h e  d e s i g n  p r e s s u r e  f o r  24 
h o u r s .  Design p r e s s u r e  is d e f i n e d  as t h e  maximum s t e a d y  s t a t e  
o p e r a t i n g  p r e s s u r e  f o r  which t h e  p i p e l i n e  sys tem is b u i l t .  
Hoop stress s h a l l  n o t  exceed 90 p e r c e n t  of  SMYS ( D n V 8 . 8 . 4 ) .  
T e s t  mediums are n o t  s p e c i f i e d .  

I O P  c o d e s  r e q u i r e  a h y d r o s t a t i c  p r e s s u r e  t e s t  on t h e  
comple ted  p i p e l i n e ,  o r  on each  completed s e c t i o n ,  as conve- 

n i e n t .  Water i s  t h e  o n l y  test medium s p e c i f i e d  f o r  hydro-  
s t a t i c  t e s t i n g  (IOP 6 . 4 ) .  The p r e s s u r e  s h a l l  be r a i s e d  t o  
1 . 5  t i m e s  t h e  maximum working p r e s s u r e  or t o  t h a t  which w i l l  
r e s u l t  i n  a hoop stress e q u a l  t o  90 p e r c e n t  of  t h e  SMYS f o r  
24 h o u r s ,  (which c o r r e s p o n d s  t o  t h e  49 CFR 192.111 Class 1 

l o c a t i o n  0 .72  d e s i g n  factor m u l t i p l i e d  by 1 . 2 5 ) .  If  t h e  
ground t e m p e r a t u r e  a t  p i p e  d e p t h  i s  O°C (32'F) o r  less, or 
may f a l l  t o  t h a t  b e f o r e  t h e  test  is comple ted ,  or i f  water 
o f  s a t i s f a c t o r y  q u a n t i t y  is  n o t  a v a i l a b l e  i n  s u f f i c i e n t  
q u a l i t y ,  an  a i r  tes t  t o  1.1 t i m e s  t h e  maximum o p e r a t i n g  
p r e s s u r e  s h o u l d  be made (IOP 6 . 3 ) .  

b .  A n a l y s i s .  P i p e l i n e  p r e s s u r e  t e s t  r e q u i r e m e n t s  are 
g e n e r a l l y  c o n s i s t e n t  among t h e  r u l e s  reviewed.  For  U S  o f f -  
s h o r e  p i p e l i n e s ,  t h e  test  p r e s s u r e  f a c t o r  i s  1 . 2 5  t i m e s  
maximum o p e r a t i n g  p r e s s u r e ,  i n c r e a s i n g  t o  1 .5  f o r  i n h a b i t e d  
o n s h o r e  areas. T h i s  is  c o n s i d e r e d  s a t i s f a c t o r y  f o r  Arctic 
o f f s h o r e  a p p l i c a t i o n s .  

One d i f f e r e n c e  among t h e  s t a n d a r d s  t h a t  bears f u r t h e r  
s c r u t i n y  is t h e  d u r a t i o n  of t e s t i n g .  API and ANSI r e q u i r e  
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e i g h t  h o u r s  w h i l e  CSA, DnV and IOP r e q u i r e  24 h o u r s .  The U S  

s t a n d a r d s  l ist  e i g h t  h o u r s  f o r  g a s  l i n e s  and 24 h o u r s  for o i l . .  
I t  a p p e a r s  t h a t  e i g h t  h o u r s  d u r a t i o n  would be  too s h o r t  a 
p e r i o d  f o r  adequa te  t e s t i n g  of  a s u b s e a  Arctic l i n e .  Equa l i-  
z a t i o n  of  t e m p e r a t u r e  th roughou t  t h e  test medium may n o t  o c c u r  
w i t h i n  e i g h t  h o u r s ,  and t h e  l o g i s t i c s  i n v o l v e d  i n  p h y s i c a l l y  

i n s p e c t i n g  f o r  l e a k s  might  n o t  b e  completed s a t i s f a c t o r i l y  
w i t h i n  t h a t  p e r i o d .  

8. InsDec t ion  and Moni to r ing  P r o c e d u r e s  

a .  Material and C o n s t r u c t i o n  I n s p e c t i o n  

(1) Gas P i p e l i n e  R e g u l a t i o n s .  Every U S  p i p e l i n e  
must b e  i n s p e c t e d  t o  e n s u r e  t h a t  i t  i s  b u i l t  i n  accordance  
w i t h  t h e  s t a n d a r d s  ( U S  1 9 2 . 3 0 5 ) .  Each l e n g t h  of  p i p e  and a l l  
components must b e  i n s p e c t e d  v i s u a l l y  a t  t h e  s i t e  t o  e n s u r e  
t h a t  t h e y  have  n o t  s u s t a i n e d  any v i s u a l l y  d e t e r m i n a b l e  damage 
( U S  192 .307) .  Each e x t e r n a l  c o a t i n g  must b e  i n s p e c t e d  j u s t  
b e f o r e  lower ing  t h e  p i p e  i n t o  t h e  d i t c h  and b a c k f i l l i n g  
( U S  1 9 2 . 4 6 1 ( c ) ) .  

API recommended p r a c t i c e s  s t a t e  t h a t  t h e  o p e r a t i n g  
company s h o u l d  make p r o v i s i o n s  f o r  s u i t a b l e  i n s p e c t i o n  of  
p i p e l i n e s  and r e l a t e d  f a c i l i t i e s  by q u a l i f i e d  i n s p e c t o r s  t o  
a s s u r e  compl iance  w i t h  t h e  c o n s t r u c t i o n  s p e c i f i c a t i o n s  (API 
5 0 0 . 2 ) .  During c o n s t r u c t i o n ,  p i p e l i n e s  and r e l a t e d  f a c i l i t i e s  

s h o u l d  be i n s p e c t e d  f o r  compl iance  w i t h  t h e  mater ia l ,  con- 
s t r u c t i o n ,  w e l d i n g ,  f a b r i c a t i o n  and t e s t i n g  p r o v i s i o n s  o f  t h e  
recommended p r a c t i c e  and t h e  w r i t t e n  s p e c i f i c a t i o n s  (API 600 .1 )  
API i n s p e c t i o n  r e q u i r e m e n t s  c o v e r  mater ia ls  and i n s t a l l a t i o n .  
I n s p e c t i o n  of  materials  c o n c e n t r a t e s  on p i p e  c o n d i t i o n  and 
c o a t i n g  (API 6 0 0 . 3 . 1 ) .  I n s t a l l a t i o n  i n s p e c t i o n  i n c l u d e s  j o i n t  
s u r f a c e s  and a l i g n m e n t ,  f i e l d  c o a t i n g s ,  w e l d s ,  f i t  o f  p i p e  on 
t h e  bot tom and c o v e r ,  i f  any (API 6 0 0 . 3 . 2 ) .  
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ANSI s t a n d a r d s  s t a t e  t h a t  t h e  o p e r a t i n g  company s h a l l  
make p r o v i s i o n s  f o r  s u i t a b l e  i n s p e c t i o n  o f  p i p e l i n e s  and re- 
l a t e d  f a c i l i t i e s  by q u a l i f i e d  i n s p e c t o r s  ( A N S I  B31.841.221).  

For g a s  l i n e s  t o  o p e r a t e  a t  20 p e r c e n t  or more o f  SMYS, ce r ta in  
i n s t a l l a t i o n  i n s p e c t i o n s  s h a l l  be a t  s u f f i c i e n t l y  f r e q u e n t  

i n t e r v a l s  t o  a s s u r e  good q u a l i t y .  The i n s p e c t i o n s  i n c l u d e  t h e  
p i p e  s u r f a c e  b e f o r e  c o a t i n g  and b e f o r e  l o w e r i n g  i n t o  t h e  d i t c h ,  
j o i n t  c o n d i t i o n s  b e f o r e  and a f t e r  w e l d i n g ,  d i t c h  bot tom condi-  
t i o n ,  p i p e  f i t  i n  d i t c h ,  and r e p a i r s  and s p e c i a l  tests,  i f  any 

(ANSI B31.841.222).  

CSA r e q u i r e s  p i p e l i n e s  t o  b e  i n s p e c t e d  t o  e n s u r e  t h e y  are 
b u i l t  i n  accordance  w i t h  t h e  s t a n d a r d  and c o n s t r u c t i o n  s p e c i -  

f i c a t i o n s  (CSA 6 . 4 . 6 . 1- 2 ) .  

DnV r u l e s  s t a te  t h a t  t h e  owner is t o  p r o v i d e  a d e q u a t e  

i n s p e c t i o n  d u r i n g  f a b r i c a t i o n .  Before  i n s t a l l a t i o n ,  an inspec-  
t i o n  may b e  r e q u i r e d  t o  a s s u r e  t h a t  no damages have  o c c u r r e d  
d u r i n g  t r a n s p o r t a t i o n  (DnV 1 . 6 . 2- 3 ) .  The owner is t o  p r o v i d e  
a d e q u a t e  i n s p e c t i o n  d u r i n g  i n s t a l l a t i o n  which t a k e s  p l a c e  
under  t h e  s u r v e i l l a n c e  o f  DnV. The s u r v e y o r  (DnV i n s p e c t o r )  

is t o  i n s p e c t  a l l  p h a s e s  o f  t h e  i n s t a l l a t i o n  p r o c e s s  t h a t  may 

a f f e c t  s t r u c t u r a l  i n t e g r i t y  and is t o  a s s u r e  t h a t  t h e  i n s t a l l a -  
t i o n  p r o c e e d s  a c c o r d i n g  t o  approved p r o c e d u r e s  (DnV 1 . 6 . 4 ) .  

I O P  s t a t e s  t h a t  t h e  company and t h e  c o n t r a c t o r  each  
s h o u l d  employ a competent  s u p e r v i s o r  w i t h  a n  a d e q u a t e  s t a f f  
t o  e n s u r e  t h a t  t h e  code recommendations are m e t  ( I O P  5 . 4 ) .  
I n s t a l l a t i o n  i n s p e c t i o n s  f o r  submar ine  p i p e l i n e s  i n c l u d e s  
pipe- end c o n d i t i o n s ,  a l ignment  b e f o r e  w e l d i n g ,  we ld ing  and 

u n d e r s e a  i n s p e c t i o n s  (IOP 11.5.3.1- 3,  8 ) .  

( 2 )  O i l  P i p e l i n e  R e g u l a t i o n s .  U S  i n s p e c t i o n  s t a n -  
d a r d s  f o r  l i q u i d  o i l  l i n e s  are e s s e n t i a l l y  i d e n t i c a l  t o  t h e  
g a s  l i n e  s t a n d a r d s  a l r e a d y  ment ioned.  U S  l i q u i d  o i l  l i n e  
c i t a t i o n s  a r e :  i n s p e c t i o n  of  c o n s t r u c t i o n  i n  accordance  t o  
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s t a n d a r d s  ( U S  195 .204) ,  v i s u a l  i n s p e c t i o n  of materials ( U S  
195.206)  and i n s p e c t i o n  of  p i p e  c o a t i n g  ( U S  1 9 5 . 2 3 8 ( b ) ) .  

API p r a c t i c e s  f o r  g a s  l i n e s  (API 500 .2 ,  600 .1 )  p r e v i o u s l y  

d e s c r i b e d ,  a l s o  a p p l y  t o  l i q u i d  o i l  l i n e s .  

ANSI s t a n d a r d s  s ta te  t h a t  t h e  o p e r a t i n g  company s h a l l  
m a k e  p r o v i s i o n s  f o r  s u i t a b l e  i n s p e c t i o n  of p i p e l i n e s  and re- 
l a t e d  f a c i l i t i e s  by q u a l i f i e d  i n s p e c t o r s  (ANSI B31.434.2) .  

F a b r i c a t e d  i t e m s  and p i p e  ( b e f o r e  c o a t i n g )  s h a l l  be i n s p e c t e d  
b e f o r e  a s sembly  i n t o  t h e  m a i n l i n e  o r  manifo ld ing. (ANSI B31.434.5) .  
A l l  p i p i n g  components must b e  i n s p e c t e d  v i s u a l l y  t o  i n s u r e  t h a t  
no mechanica l  damage h a s  o c c u r r e d  b e f o r e  c o n n e c t i o n .  Dur ing 
c o n s t r u c t i o n ,  t h e  f o l l o w i n g  s h a l l  b e  i n s p e c t e d :  p i p e  s u r f a c e  
b e f o r e  and a f t e r  c o a t i n g ,  j o i n t  f i t - u p ,  w e l d s ,  r e p a i r s ,  d i t c h  
c o n d i t i o n ,  p i p e  f i t  i n t o  d i t c h ,  i n s t a l l a t i o n  o f  components,  
b a c k f i l l ,  and c r o s s i n g s ,  i f  any (ANSI B31.436.5 .1) .  

CSA r e q u i r e s  i n s t a l l a t i o n  i n s p e c t i o n  p r o v i s i o n s  t h a t  
s h a l l  be a d e q u a t e  t o  e n s u r e  q u a l i t y  a n d  s a f e t y .  I n s p e c t i o n  
r e q u i r e m e n t s  s h a l l  b e g i n  a t  t h e  f i e l d  i n s t a l l a t i o n  l o c a t i o n  
(CSA 2183 .6 .1 ) .  P i p e  s h a l l  b e  i n s p e c t e d  v i s u a l l y  f o r  d e f e c t s  
(CSA 2 1 8 3 . 6 . 2 . 1 . 1 ) .  I n s t a l l a t i o n  i n s p e c t i o n s  i n c l u d e  p i p e  
c o n d i t i o n  b e f o r e  any c o a t i n g  and b e f o r e  lower ing  and b a c k f i l l -  
i n g ,  welds,  r e p a i r s ,  d i t c h  c o n d i t i o n  and  b a c k f i l l i n g  (CSA 
2 1 8 3 . 6 . 2 . 1 . 2 ) .  

DnV r u l e s  (DnV 1.6 .2-4)  and IOP codes  (IOP 5 . 4 )  f o r  g a s  

l i n e s  a l s o  a p p l y  t o  l i q u i d  o i l  l i n e s .  

( 3 )  A n a l y s i s .  Of t h e  s t a n d a r d s  rev iewed ,  o n l y  t h e  
U S  codes d o ' n o t  p r o v i d e  s p e c i f i c  r e q u i r e m e n t s  f o r  i n s p e c t i o n  
d u r i n g  and a f t e r  p i p e  i n s t a l l a t i o n .  The U S  h a s  a g e n e r a l  
statement t o  t h e  e f f e c t  t h a t  t h e  l i n e  must be i n s p e c t e d  t o  
e n s u r e  it is b u i l t  t o  s t a n d a r d s  and t h a t  t h e  p i p e  coat ing  
s h a l l  b e  i n s p e c t e d  b e f o r e  l o w e r i n g  i n t o  a d i t c h  b u t  does n o t  
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p r o v i d e  s p e c i f i c  i n f o r m a t i o n  l i k e  t h e  o t h e r s ,  i . e . ,  ANSI 
B31.436.5.1 ( o i l )  and B31.841.222 ( g a s ) .  

O t h e r w i s e ,  t h e  v a r i o u s  codes  are r e a s o n a b l y  c o n s i s t e n t  
a l t h o u g h  t h e  ANSI and CSA g a s  l i n e  s t a n d a r d s  l a c k  p r o v i s i o n s  
f o r  v i s u a l  i n s p e c t i o n  o f  materials b e f o r e  c o n s t r u c t i o n .  DnV 
w a s  t h e  o n l y  o n e  t o  i n c l u d e  i n s p e c t i o n  d u r i n g  component f abr i-  

c a t i o n  i n  t h e i r  p i p e l i n e  r u l e s .  Presumably,  such  i n s p e c t i o n s  
are covered  e l s e w h e r e  by t h e  o t h e r  s tandards- makers .  

b .  Moni to r ing  Dur ing O p e r a t i o n  

(1) G a s  P i p e l i n e  R e g u l a t i o n s .  According t o  U S  
s t a n d a r d s ,  e a c h  o p e r a t o r  s h a l l  have  a p r o c e d u r e  f o r  c o n t i n u i n g  
s u r v e i l l a n c e  of its f a c i l i t i e s  t o  d e t e r m i n e  changes  i n  c lass  
l o c a t i o n ,  f a i l u r e s ,  l e a k a g e  h i s t o r y ,  c o r r o s i o n ,  s u b s t a n t i a l  
changes  i n  c a t h o d i c  p r o t e c t i o n  r e q u i r e m e n t s ,  and o t h e r  unusua l  
c o n d i t i o n s ,  and  t o  take a p p r o p r i a t e  ac t ion  ( U S  1 9 2 . 6 1 3 ( a ) ) .  
Each o p e r a t o r  s h a l l  have  a p a t r o l  program t o  o b s e r v e  s u r f a c e  
c o n d i t i o n s ,  on and n e a r  t h e  r ight- of- way,  for factors  a f f e c t i n g  

s a f e t y  and o p e r a t i o n .  The f requency  o f  p a t r o l s  f o r  o f f s h o r e  
l i n e s  is  a minimum of o n e  p e r  y e a r  ( U S  192 .705) .  Each p r e s s u r e-  
l i m i t i n g  s t a t i o n ,  re l ief  d e v i c e  ( e x c e p t  r u p t u r e  d i s c s ) ,  and 
p r e s s u r e- r e g u l a t i n g  s t a t i o n  w i t h  its equipment ,  must b e  sub-  
j e c t e d  t o  i n s p e c t i o n s  and tests a t  i n t e r v a l s  n o t  exceed ing  one 
y e a r  ( U S  192 .739) .  E a c h  t r a n s m i s s i o n  l i n e  v a l v e ,  t h a t  might  
b e  r e q u i r e d  d u r i n g  any emergency, must be i n s p e c t e d  and pa r-  
t i a l l y  o p e r a t e d  a t  i n t e r v a l s  no t  exceed ing  one y e a r  ( U S  192 .745) .  
Ca thod ic  p r o t e c t i o n  s y s t e m s  must b e  t e s t e d  once  each  c a l e n d a r  
y e a r  ( U S  192 .463) .  

API practices s t a t e  t h a t  each o p e r a t i n g  company s h o u l d  
deve lop  working,  i n s p e c t i o n  and maintenance  p r o c e d u r e s  based  
b o t h  on recommended p r a c t i c e  and on t h e  company's e x p e r i e n c e ,  
knowledge of its f a c i l i t i e s ,  and o p e r a t i o n a l  c o n d i t i o n s  (API 
700.1).  Each o p e r a t o r  s h o u l d  m a i n t a i n  a p e r i o d i c  p i p e l i n e  
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p a t r o l  program t o  o b s e r v e  c o n d i t i o n s  a l o n g  t h e  r o u t e  which 

c o u l d  a f f e c t  s a f e  o p e r a t i o n  (API 701.5).  P r e s s u r e - l i m i t i n g  
d e v i c e s  and o t h e r  s a f e t y  equipment on non- product ion  p l a t f o r m s  
s h o u l d  be  s u b j e c t e d  t o  p e r i o d i c  i n s p e c t i o n s  a t  a maximum i n-  
t e r v a l  o f  s i x  months (API 7 0 1 . 6 ) .  Above-water v a l v e s  s h o u l d  
b e  i n s p e c t e d  a n n u a l l y  (API 7 0 1 . 9 ) .  The e f f e c t i v e n e s s  of t h e  
c a t h o d i c  p r o t e c t i o n  s y s t e m  s h a l l  be  e v a l u a t e d  a t  leas t  a n n u a l l y  
(API 8 0 4 ) .  

ANSI r e q u i r e s  each company t o  have  an  o p e r a t i n g  and 
maintenance  p l a n  i n  accordance  w i t h  t h e  code (ANSI B31 .850 .2 ) .  
Each o p e r a t i n g  company s h a l l  e s t a b l i s h  and implement p r o c e d u r e s  
f o r  c o n t i n u i n g  s u r v e i l l a n c e  o f  i t s  f a c i l i t i e s .  A p e r i o d i c  

p a t r o l  program s h a l l  b e  m a i n t a i n e d  t o  o b s e r v e  s u r f a c e  condi-  
t i o n s  a f f e c t i n g  t h e  s a f e t y  and o p e r a t i o n  of  t h e  p i p e l i n e  (ANSI 
B31.851.1- 2).  A l l  p r e s s u r e - l i m i t i n g  and r e g u l a t i n g  s t a t i o n s  
s h a l l  b e  s u b j e c t  t o  s y s t e m a t i c ,  p e r i o d i c  i n s p e c t i o n s  and s u i t -  
a b l e  tests (ANSI B 3 1 . 8 5 3 . 3 1 ) .  Valves t h a t  might  b e  r e q u i r e d  
d u r i n g  an emergency s h a l l  b e  i n s p e c t e d  p e r i o d i c a l l y  and pa r-  
t i a l l y  o p e r a t e d  a t  least  once  a y e a r  (ANSI B31.853.4) .  Each 
o p e r a t i n g  company s h a l l  i n s p e c t  i ts  impressed  c u r r e n t  c a t h o d i c  

p r o t e c t i o n  f a c i l i t i e s  a t  l eas t  a n n u a l l y  (ANSI B31.864.2) .  

Each company, a c c o r d i n g  t o  CSA s t a n d a r d s ,  s h a l l  have  a 
w r i t t e n  p l a n  c o v e r i n g  o p e r a t i n g  and m a i n t e n a n c e  p r o c e d u r e s  i n  
accordance  w i t h  t h e  s t a n d a r d  (CSA 2 1 8 4 . 9 . 1 . 1 . 1 ( a ) ) .  

I t  must m a i n t a i n  a p e r i o d i c  t r a n s m i s s i o n  l i n e  p a t r o l  pro-  
gram t o  o b s e r v e  s u r f a c e  c o n d i t i o n s  a f f e c t i n g  s a f e t y  and o p e r a t i o n  

(CSA 2 1 8 4 . 9 . 2 . 1 ) .  A l l  r e l i e f  d e v i c e s  and equipment  i n  p r e s s u r e -  
l i m i t i n g  and p r e s s u r e- r e g u l a t i n g  s t a t i o n s  s h a l l  b e  s u b j e c t e d ,  
a t  leas t  a n n u a l l y ,  t o  i n s p e c t i o n s  and t es t s  (CSA 2 1 8 4 . 9 . 6 . 1 . 1 ) .  
Transmiss ion  l i n e  v a l v e s  t h a t  might  b e  r e q u i r e d  d u r i n g  an  emer- 
gency s h a l l  b e  i n s p e c t e d  and p a r t i a l l y  o p e r a t e d  a t  least  once 
a year (CSA 2 1 8 4 . 9 . 7 . 1 ) .  The o p e r a t i n g  company s h a l l  e s t a b l i s h  
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s u r v e y s  t h a t  i ts  cathodical ly- protected p i p e l i n e  s y s t e m s  meet 
a c c e p t e d  c r i t e r i a  f o r  c a t h o d i c  p r o t e c t i o n  (CSA 2 1 8 4 . 8 . 3 . 2 . 1 ) .  

DnV r u l e s  s t a t e  t h a t  t h e  owner s h o u l d  p r o v i d e  r u n n i n g  
i n s p e c t i o n  s u f f i c i e n t  t o  i n i t i a t e  maintenance  work t o  r e t a i n  
b u i l t - i n  s a f e t y  (DnV 9 . 2 . 3 . 1 ) .  The  f requency  a n d  e x t e n t  of 
p e r i o d i c  s u r v e y s  w i l l  depend on v a r i o u s  f a c t o r s ,  one of which 

is t h e  degree of exposure  t o  p o t e n t i a l  damage. Normally,  a 
p e r i o d i c a l  su rvey  is t o  be carried o u t  a n n u a l l y  u n l e s s  o t h e r -  
w i s e  agreed upon w i t h  DnV (DnV 9 .3 .1 .1- 2) .  DnV r e q u i r e s  a n  
annua l  s u r v e y  t o  v e r i f y  t h a t  no u n a c c e p t a b l e  damages have 
o c c u r r e d  t o  t h e  p i p e ,  c o r r o s i o n  p r o t e c t i o n  s y s t e m  or weigh t  

c o a t i n g .  O t h e r  par ts  of  t h e  annua l  s u r v e y  i n c l u d e  tes t  o f  
t h e  cathodic p r o t e c t i o n  s y s t e m ,  i n s p e c t i o n  by gauging- pig  and 
when t h e  n a t u r e  of t h e  p i p e l i n e  p r o h i b i t s  d irect  i n s p e c t i o n ,  
measurement by  i n t e r n a l  p i g- t y p e  i n s t r u m e n t s .  P i p e  w a l l  
t h i c k n e s s  measurements may be r e q u i r e d  when there  is  r e a s o n  
t o  b e l i e v e  c o r r o s i o n  o r  e r o s i o n  is o c c u r r i n g .  P r e s s u r e -  
l i m i t i n g  and o ther  s a f e t y  d e v i c e s  s h o u l d  be tes ted and i n -  
s p e c t e d  a n n u a l l y  (DnV 9 . 3 . 2 ) .  

According t o  t h e  I O P  code ,  t h e  o p e r a t i o n  o f  p i p e l i n e s  
depends t o  a large e x t e n t  on t h e  pipe c o n t e n t s ,  and each 
operator s h o u l d  f o r m u l a t e  a p r o c e d u r e  f o r  safe  p i p e l i n e  opera-  
t i o n .  P a r t i c u l a r  emphasis  s h o u l d  be upon p r o t e c t i o n  from 
o v e r p r e s s u r e ,  i n s t r u m e n t s  t o  g i v e  warning and t o  s h u t  down 
pumps i n  case of damage t o  t h e  p i p e l i n e ,  r e g u l a r  i n s p e c t i o n  
o f  t h e  r o u t e ,  and r e g u l a r  check ing  of  t h e  c a t h o d i c  p r o t e c t i o n  
s y s t e m  ( I O P  8 . 1 ) .  IOP recommends t h a t  l o n g  submar ine  p i p e l i n e  
r o u t e s  be i n s p e c t e d  r e g u l a r l y  by aer ia l  p a t r o l  ( I O P  11 .9 ) .  
Regu la r  underwate r  i n s p e c t i o n  s h o u l d  be carried o u t  whe re  
there is r i s k  of damage t o  t h e  p i p e l i n e  ( I O P  11.10) .  If t h e  

p i p e l i n e  c r o s s e s  areas where  there  is p a r t i c u l a r  danger  of 
water p o l l u t i o n  b e i n g  caused  by any  leakage, a 24-hour s t a t i c  
p r e s s u r e  tes t  (1 .5  t i m e s  maximum working p r e s s u r e  o r  t o  t h a t  
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which w i l l  r e s u l t  i n  a hoop stress e q u a l  t o  90 p e r c e n t  o f  t h e  
SMYS) s h o u l d  be  conducted  once p e r  y e a r  ( IOP 9 . 2 ) .  

( 2 )  O i l  P i p e l i n e  R e g u l a t i o n s .  U S  s t a n d a r d s  r e q u i r e  

t h a t  each car r ier  s h a l l  p r e p a r e  and  f o l l o w  w r i t t e n  p r o c e d u r e s  
f o r  c o n d u c t i n g  normal o p e r a t i o n s ,  and f o r  maintenance  and 
h a n d l i n g  o f  abnormal o p e r a t i o n s  and emergenc ies  ( U S  1 9 5 . 4 0 2 ( a ) ) .  
Each carrier s h a l l ,  a t  i n t e r v a l s  n o t  exceed ing  t w o  weeks,  i n -  
s p e c t  t h e  s u r f a c e  c o n d i t i o n s  on or n e a r  t o  e a c h  p i p e l i n e  r i g h t -  
of-way ( U S  1 9 5 . 4 1 2 ( a ) ) .  A t  i n t e r v a l s  n o t  exceed ing  1 2  months,  
each  car r ier  s h a l l  conduct  tests t o  d e t e r m i n e  whether  t h e  
c a t h o d i c  p r o t e c t i o n  is a d e q u a t e  ( U S  1 9 5 . 4 1 6 ) .  Each m a i n l i n e  
v a l v e  s h a l l  b e  i n s p e c t e d  a t  i n t e r v a l s  n o t  exceed ing  s i x  months 
( U S  1 9 5 . 4 2 0 ( b ) ) .  

A s  p r e v i o u s l y  ment ioned,  DnV and API recommended p r a c t i c e s  
f o r  m o n i t o r i n g  o i l  l i n e s  are  t h e  same as t h o s e  f o r  g a s  l i n e s .  

ANSI r e q u i r e s  each  o p e r a t i n g  company t o  have a n  o p e r a t i n g  
and maintenance  p l a n  based  on t h e  p r o v i s i o n s  o f  t h e  code (ANSI 
B31.450.1) .  Each company s h a l l  m a i n t a i n  a p e r i o d i c  p i p e l i n e  

p a t r o l  program, i n c l u d i n g  underwater  c r o s s i n g s ,  t o  o b s e r v e  
s u r f a c e  c o n d i t i o n s  and o t h e r  f a c t o r s  a f f e c t i n g  t h e  s a f e t y  and 
o p e r a t i o n  o f  t h e  l i n e  (ANSI B31 .451 .5 ) .  P i p e l i n e  v a l v e s  s h a l l  
be i n s p e c t e d  when n e c e s s a r y  and p a r t i a l l y - o p e r a t e d  a t  least  
once  a y e a r  (ANSI B31.451.7) .  C o n t r o l s ,  p r e s s u r e  l i m i t i n g  
d e v i c e s  and o t h e r  s a f e t y  equipment s h a l l  be  s u b j e c t e d  t o  
i n s p e c t i o n s  and tests a t  leas t  a n n u a l l y  (ANSI B31.452.2) .  

C a t h o d i c  p r o t e c t i o n  f a c i l i t i e s  s h a l l  b e  i n s p e c t e d  a t  least 
each  c a l e n d a r  y e a r ,  b u t  w i t h  i n t e r v a l s  n o t  exceed ing  15 months 
( ANS I B31.461.3 ( a )  ) . 

With t h e  e x c e p t i o n  of c o r r o s i o n  c o n t r o l  m o n i t o r i n g ,  CSA 
s t a n d a r d s  f o r  l i q u i d  o i l  l i n e s  are t h e  same as f o r  g a s  l i n e s ,  
a l t h o u g h  t h e  wording is d i f f e r e n t .  C i t a t i o n s  f o r  l i q u i d  o i l  
s t a n d a r d s  a r e :  o p e r a t i n g  and m a i n t e n a n c e  p l a n  ( C S A  2 1 8 3 . 9 . 2 . 1 ) ,  
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r ight- of-way p a t r o l l i n g  (CSA Z183 .9 .13 .4 ) ,  and c o n t r o l  and 
s a f e t y  d e v i c e s  (CSA 2183 .9 .5 ) .  Ca thod ic  p r o t e c t i o n  sys tems  
s h a l l  meet a c c e p t e d  c r i t e r i a  by a s u r v e y  each  c a l e n d a r  y e a r ,  
b u t  a t  i n t e r v a l s  n o t  exceed ing  15 months (CSA 2183 .10 .3 .2 .1 ) .  
T h i s  is  i n  c o n t r a s t  t o  t h e  g a s  l i n e  s t a n d a r d s  which s t a t e  
su rvey  i n t e r v a l s  as " p e r i o d i c .  

IOP c o d e s  fo r  l i q u i d  o i l  i n s p e c t i o n  d u r i n g  o p e r a t i o n  
are t h e  same as t h o s e  f o r  g a s  l i n e s  w i t h  t h e  f o l l o w i n g  excep-  
t i o n .  P a r a .  9 . 2  s t a tes  t h a t  a s t a t i c  p r e s s u r e  t e s t  ( 1 . 5  times 
maximum working p r e s s u r e  or t o  t h a t  which w i l l  r e s u l t ' i n  a 
hoop stress e q u a l  t o  90 p e r c e n t  of t h e  SMYS) o f  24 h o u r s  dura-  
t i o n  s h o u l d  be performed once  a year i f  t h e  p i p e l i n e  crosses 
areas where there are p a r t i c u l a r  d a n g e r s  o f  water p o l l u t i o n  
b e i n g  caused  by any l e a k a g e .  P a r a .  9 . 2  goes on t o  s t a t e  t h a t  
such  tests are i m p r a c t i c a b l e  on c o n t i n u o u s l y  o p e r a t e d  h o t  o i l  
p i p e l i n e s .  

( 3 )  A n a l y s i s .  A l l  o f  t h e  s t a n d a r d s  r e q u i r e  a pro-  
c e d u r e  f o r  o p e r a t i o n  and  maintenance  o f  p i p e l i n e s .  A l l  r e q u i r e  
p e r i o d i c  p a t r o l l i n g  o f  t h e  r ight- of-way and i n s p e c t i o n  o f  
v a r i o u s  p i p e l i n e  f e a t u r e s .  

One d i f f e r e n c e  between t h e  s t a n d a r d s  reviewed is t h e  
maximum t i m e  i n t e r v a l  p e r m i t t e d  between p a t r o l s  or i n s p e c t i o n s .  
With one e x c e p t i o n ,  t h e  U S  s t a n d a r d s  are e q u a l  or more s t r i n -  
g e n t  t h a n  t h e  o t h e r s  (API recommends a six-month maximum 
i n t e r v a l  between p r e s s u r e- l i m i t i n g  and s a f e t y  d e v i c e  i n s p e c-  
t i o n s  w h i l e  t h e  US s p e c i f i e s  a one- year  maximum). Many o f  t h e  
c o d e s  r e q u i r e  " p e r i o d i c "  p a t r o l l i n g  and i n s p e c t i o n  w i t h o u t  
men t ion ing  t i m e  l i m i t s .  DnV d e f i n e s  p e r i o d i c  as a maximum o f  
o n e  y e a r  u n l e s s  o t h e r w i s e  a g r e e d  upon. Because of t h e  hazard-  
ous environment  of t h e  s u b s e a  A r c t i c ,  c o n s i d e r a t i o n  might  be 

g i v e n  t o  r e d u c i n g  t h e  U S  12-month maximum be tween  gas l i n e  
p a t r o l s .  Adverse wea the r  c o n d i t i o n s  may make t h e  U S  two-week 
o i l  l i n e  p a t r o l  i n t e r v a l  ( U S  1 9 5 . 4 1 2 ( a ) )  u n r e a l i s t i c a l l y  f r e q u e n t .  
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Valve i n s p e c t i o n  s t a n d a r d s  p r o v i d e d  t h e  greatest d i s -  
p a r i t y  i n  r e q u i r e m e n t s .  The  U S  c o d e s  r e q u i r e  gas l i n e  v a l v e s  
t h a t  might  b e  used  i n  a n  emergency t o  be i n s p e c t e d  and pa r-  
t i a l l y  o p e r a t e d  e v e r  1 2  months w h i l e  each  o i l  l i n e  m a i n  v a l v e  
s h a l l  be i n s p e c t e d  e v e r y  s i x  months. CSA o i l  l i n e  v a l v e s ,  
DnV g a s  and  o i l  v a l v e s ,  and I O P  g a s  and o i l  v a l v e s  are n o t  
mentioned i n  t h e i r  r e s p e c t i v e  c o d e s  concern ing  i n s p e c t i o n s .  
However, t h e  v a l v e  i n s p e c t i o n s  c o u l d  be covered  i n d i r e c t l y  by 

o t h e r  r e g u l a t i o n s .  

None of t h e  s t a n d a r d s  a d d r e s s e d  s u b s e a  v a l v e  i n s p e c t i o n ;  
t h e  c l o s e s t  w a s  API ' s  mention o f  above-water v a l v e  i n s p e c t i o n ,  
b u t  no matching s t a n d a r d  for underwate r  v a l v e s  w a s  p r o v i d e d .  
Only IOP s p e c i f i e d  s u b s e a  i n s p e c t i o n s  under  c e r t a i n  c o n d i t i o n s  
(IOP 1 1 . 1 0 ) .  

9 .  Environmenta l  Impact 

a .  R e g u l a t i o n s .  U S  gas l i n e  s t a n d a r d s  r e q u i r e  o p e r a t o r s  
t o  e s t a b l i s h  w r i t t e n  p r o c e d u r e s  for s h u t t i n g  down and r e d u c i n g  
p r e s s u r e  i n  any s e c t i o n  necessary f o r  minimizing h a z a r d s  t o  
l i f e  or p r o p e r t y  ( U S  1 9 2 . 6 1 5 ( a , ( 6 ) ) .  The l i q u i d  p i p e l i n e  s t a n -  
dard a l s o  s p e c i f i e s  t h a t  i f  a c o n d i t i o n  p r e s e n t s  an immediate 
hazard t o  p e r s o n s  o r  p r o p e r t y ,  t h e  carr ier  may no t  o p e r a t e  t h e  

a f f e c t e d  p a r t  o f  t h e  sys tem u n t i l  c o r r e c t i v e  measures  have been 
t a k e n  ( U S  1 9 5 . 4 0 1 ( b ) )  and i n  case of p i p e l i n e  abandonment 
s a f e t y  and env i ronmenta l  h a z a r d s  were t o  b e  min imized  ( U S  

195.401 ( C . 1 0 ) ;  1 9 7 9 ) .  

API Recommended P r a c t i c e s  1111 makes no reference t o  
env i ronmenta l  effects  of p i p e l i n e  o p e r a t i o n s .  

A N S I  l i q u i d  o i l  l i n e  s t a n d a r d s  s t a t e  t h a t  t h e  p r imary  
purpose  o f  t h e i r  code is t o  e s t a b l i s h  r e q u i r e m e n t s  f o r  s a f e  
d e s i g n ,  c o n s t r u c t i o n ,  i n s p e c t i o n ,  t e s t i n g ,  o p e r a t i o n  and 
maintenance  of  l i q u i d  p e t r o l e u m  t r a n s p o r t a t i o n  p i p i n g  sys tems  
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f o r ,  among o t h e r  g o a l s ,  r e a s o n a b l e  p r o t e c t i o n  of t h e  env i ron-  
ment (ANSI 4 0 0 ( c ) ) .  A w r i t t e n  emergency p l a n ,  d i s c u s s e d  i n  
Topic  10 o f  t h i s  s e c t i o n ,  s h a l l  be e s t a b l i s h e d  by t h e  o p e r a t o r  
and i n c l u d e  p r o c e d u r e s  f o r  remedial a c t i o n  t o  p r o t e c t  t h e  
environment  and l i m i t  a c c i d e n t a l  d i s c h a r g e s  (ANSI B31 .454(a ) ) .  
ANSI gas l i n e  s t a n d a r d s  ( B 3 1 . 8 )  do n o t  mention e n v i r o n m e n t a l  
e f f e c t s .  

CSA g a s  and o i l  l i n e  s t a n d a r d s  e a c h  c o n t a i n  r e q u i r e m e n t s  
f o r  e n v i r o n m e n t a l  p r o t e c t i o n .  For  o i l  l i n e s ,  e a c h  company 
s h a l l  e s t a b l i s h  e f f e c t i v e  p o l l u t i o n  p r e v e n t i o n  and c o n t r o l  
measures  t o  minimize t h e  effect  of t h e  o p e r a t i o n  upon t h e  
envi ronment .  Aspec t s  t o  be c o n s i d e r e d  i n c l u d e  s e n s i t i v i t y  of 
r o u t e  and t e r r a i n  t r a v e r s e d ,  v e g e t a t i o n ,  n o i s e  p o l l u t i o n ,  
thermal  p o l l u t i o n ,  and aesthetics (CSA 2 1 8 3 . 9 . 6 ) .  S i m i l a r l y ,  
f o r  gas l i n e s ,  a l l  f a c i l i t i e s  s h a l l  be d e s i g n e d ,  i n s t a l l e d  and 
o p e r a t e d  t o  p r e v e n t  o r  c o n t r o l  p o l l u t i o n .  Var ious  aspects t o  
be c o n s i d e r e d  are l i s t e d  (CSA 2184 .11 .3 .3 .1- 2) .  

DnV r u l e s  i n c l u d e  no p r o v i s i o n  f o r  p i p e l i n e  s y s t e m  
effects  on t h e  envi ronment .  

IOP c o d e s  i n c l u d e  env i ronmenta l  effects t o  be c o n s i d e r e d .  
Although t h e y  are i n t e n d e d  f o r  o n s h o r e  a p p l i c a t i o n s ,  t h e  fo l low-  
i n g  three also might a p p l y  t o  s h o r e l i n e  and s u b s e a  Arctic 
s i t u a t i o n s :  b e f o r e  work starts, a record s h o u l d  be made of 
any e x i s t i n g  special f e a t u r e s  so t h e y  may be a d e q u a t e l y  r e i n -  
stated i f  d i s t u r b e d ;  it is e s s e n t i a l  t h a t  c o n t r a c t o r ' s  workmen 
a v o i d  t r e s p a s s i n g  o u t s i d e  t h e  working l i m i t s  of t h e  p i p e l i n e  
r o u t e  ( I O P  5 . 1 . 1 ) ;  due c o n s i d e r a t i o n  s h o u l d  be g iven  a t  a l l  
t i m e s  t o  t h e  p r o t e c t i o n  of  e s t a b l i s h e d  f i s h i n g  r i g h t s  and t o  
t h e  p r e s e r v a t i o n  of f i s h  ( I O P  5 .1 .8) .  

b. A n a l y s i s .  The effect o f  p i p e l i n e s  upon t h e  env i ron-  
ment,  w i t h  t h e  e x c e p t i o n  of CSA and IOP  s t a n d a r d s ,  and b r ie f  
s t a t e m e n t s  i n  U S  195, g e n e r a l l y  is n o t  addressed by t h e  codes  

5-34 

- - 
. 



r e v i e w e d .  However, i n  t h e  case o f  t h e  U S  s t a n d a r d s ,  s u c h  

e f f e c t s  are u n d e r  t h e  j u r i s d i c a t i o n  o f  gove rnmen ta l  bodies  
o t h e r  t h a n  t h e  Depar tment  o f  T r a n s p o r t a t i o n .  N o n e t h e l e s s ,  
m i n i m i z i n g  t h e  e f f e c t s  o f  a p i p e l i n e  i n v o l v e s  e n g i n e e r i n g  
and  i n s p e c t i o n  ( i . e . ,  p a t r o l l i n g )  f u n c t i o n s  which d o  a p p e a r  

i n  t h e  s t a n d a r d s .  I t  is beyond t h e  s c o p e  o f  t h i s  a n a l y s i s  

t o  d e t e r m i n e  t h e  k i n d  o r  amount of o v e r l a p  be tween  g o v e r n i n g  

a g e n c i e s .  

10. Leak H a n d l i n g  P r o c e d u r e s  

a .  G a s  P i p e l i n e  R e g u l a t i o n s .  U S  P a r t  191 p r e s c r i b e s  

r e q u i r e m e n t s  f o r  r e p o r t i n g  g a s  l e a k s  and  t e s t  f a i l u r e s .  I t  
d o e s  n o t  a p p l y  t o  t h o s e  o c c u r r i n g  i n  t h e  g a t h e r i n g  o f  gas 

o u t s i d e  t h e  l i m i t s  of any  c i t y ,  town o r  v i l l a g e  o r  any d e s i g -  

n a t e d  r e s i d e n t i a l  o r  commerc ia l  area ( U S  1 9 1 . 1 ) .  

U S  P a r t  1 9 2 . 6 1 5  c o n t a i n s  emergency p l a n  r e q u i r e m e n t s .  

Each o p e r a t o r  s h a l l  e s t a b l i s h  w r i t t e n  p r o c e d u r e s  t o  m i n i m i z e  

t h e  h a z a r d  r e s u l t i n g  from a g a s  p i p e l i n e  emergency .  S u b j e c t s  
t h e  p r o c e d u r e s  must  p r o v i d e  f o r  i n c l u d e :  e v e n t s  r e q u i r i n g  

immedia te  r e s p o n s e ;  communicat ion w i t h  a p p r o p r i a t e  f i r e ;  
p o l i c e  a n d  o t h e r  o f f i c i a l s ;  prompt and  e f f e c t i v e  r e s p o n s e  t o  

a n o t i c e  o f  emergency;  and  t h e  a v a i l a b i l i t y  o f  p e r s o n n e l ,  
e q u i p m e n t ,  t o o l s  and mater ia ls ,  as needed  a t  t h e  s c e n e  o f  an 
emergency.  O t h e r  s u b j e c t s  i n c l u d e  emergency shutdown,  making 
s a f e  any h a z a r d s ,  and  b e g i n n i n g  an  i n v e s t i g a t i o n  o f  t h e  f a i l -  

u r e  ( U S  1 9 2 . 6 1 5 ) .  Each o p e r a t o r  s h a l l  e s t a b l i s h  p r o c e d u r e s  

f o r  a n a l y z i n g  a c c i d e n t s  and  f a i l u r e s  t o  d e t e r m i n e  t h e  cause 
and min imize  a r e c u r r e n c e  ( U S  1 9 2 . 6 1 7 ) .  

API recommended p r a c t i c e s  r e q u i r e  a w r i t t e n  emergency 

p l a n  which i n c l u d e s  p r o c e d u r e s  f o r  e x p e d i e n t  r e m e d i a l  a c t i o n .  
T h i s  p l a n  s h o u l d  p r o v i d e  f o r  p e r s o n n e l  t r a i n i n g ,  l i a i s o n  w i t h  

o f f i c i a l s ,  and  measures t o  c o n t r o l  p o l l u t i o n  (API 7 0 2 ) .  Acci- 
d e n t s  and  s i g n i f i c a n t  mater ia l  f a i l u r e s  must  be i n v e s t i g a t e d  
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t o  d e t e r m i n e  t h e i r  cause, and s t e p s  t a k e n  t o  p r e v e n t  t h e i r  
r e c u r r e n c e  (API 701 .10) .  

ANSI r e q u i r e s  e a c h  o p e r a t i n g  company t o  se t  up an  emer- 
gency p l a n  and a c q u a i n t  a p p r o p r i a t e  employees and p u b l i c  
o f f i c i a l s  w i t h  t h e  p l a n  (ANSI B31.850.4) .  P r o c e d u r e s  s h a l l  
be e s t a b l i s h e d  t o  a n a l y z e  a l l  f a i l u r e s  and a c c i d e n t s ,  and t o  
minimize t h e  p o s s i b i l i t y  o f  a r e c u r r e n c e  (ANSI B31.850.5) .  

CSA s t a n d a r d s  r e q u i r e  e a c h  o p e r a t o r  t o  have  a w r i t t e n  
p l a n  which s h a l l  i n c l u d e  p r o c e d u r e s  for safe  shu tdown.of  t h e  
p i p e l i n e ,  or p a r t  t h e r e o f ,  i n  t h e  e v e n t  of a f a i l u r e  o r  o t h e r  
emergency (CSA 2 1 8 4 . 9 . 1 . 3 . 3 ) .  

DnV r u l e s  f o r  g a s  l i n e s  c o n t a i n  no material  r e l a t i n g  t o  
t h i s  t o p i c .  

IOP r e q u i r e s  p i p e l i n e  l e a k s  i n  t h e  Uni ted  Kingdom t o  b e  
r e p o r t e d  t o  t h e  M i n i s t r y  o f  Power (IOP 1 0 . 3 . 1 2 ) .  A model 
l e a k a g e  r e p o r t  form is  p r o v i d e d  (IOP Appendix C ) .  The  purpose  
of drawing up emergency p r o c e d u r e s  for a p i p e l i n e  is t o  e n s u r e  
t h a t  t h e  o p e r a t i n g  s t a f f  and o t h e r s  t o  b e  i n v o l v e d  are informed 
r e g a r d i n g  a c t i o n  t o  be  t a k e n  i n  t h e  e v e n t  of an  emergency (IOP 
1 0 . 1 ) .  F a c t o r s  t o  be c o n s i d e r e d ,  among o t h e r s ,  are l i a i s o n  
w i t h  p u b l i c  a u t h o r i t i e s ,  scope  o f  emergency p r o c e d u r e s ,  emer- 
gency equipment a v a i l a b i l i t y ,  r e m e d i a l  a c t i o n ,  and emergency 
e x e r c i s e s  (IOP 1 0 . 2- 5 ) .  Each o f  t h e  above s u b j e c t s ,  and 
o t h e r s ,  h a s  d e t a i l e d  g u i d e l i n e s  t o  a i d  i n  t h e  p r e p a r a t i o n  of 
emergency p r o c e d u r e s  for i n d i v i d u a l  p i p e l i n e s .  IOP Appendix 
A c o n t a i n s  l a w s  r e g a r d i n g  government n o t i f i c a t i o n  of  a c c i d e n t s ,  
and Appendix B p r o v i d e s  i n s t r u c t i o n s  f o r  removal o f  o i l  from 
a w a t e r c o u r s e .  

b .  O i l  P i p e l i n e  R e g u l a t i o n s .  US s t a n d a r d s  r e q u i r e  t h e  
r e p o r t i n g  o f  c e r t a i n  p i p e l i n e  a c c i d e n t s  t o  t h e  Department of 
T r a n s p o r t a t i o n  v i a  DOT Form 7000-1 (US 1 9 5 . 5 4 ) .  Some i n c i d e n t s  
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r e q u i r i n g  a r e p o r t  i n c l u d e :  an e x p l o s i o n  o r  f i r e  n o t  se t  
i n t e n t i o n a l l y  by t h e  c a r r i e r ;  loss  o f  50 o r  more b a r r e l s  of  
l i q u i d ;  and d e a t h  o r  b o d i l y  harm t o  any p e r s o n  ( U S  1 9 5 . 5 0 ) .  
Te lephon ic  n o t i c e  o f  c e r t a i n  s e r i o u s  a c c i d e n t s  a l s o  is  re- 
q u i r e d  ( U S  1 9 5 . 5 2 ) .  Each carr ier  s h a l l  p r e p a r e  and f o l l o w  

a manual of w r i t t e n  p r o c e d u r e s  f o r  normal  o p e r a t i o n s  and 
emergenc ies .  I f  t h e  S e c r e t a r y  f i n d s  t h a t  a c a r r i e r ' s  pro-  
c e d u r e s  are i n a d e q u a t e ,  he  may r e q u i r e  them t o  be amended. 
S p e c i f i c  r e q u i r e m e n t s  f o r  p r o c e d u r e s  are  p rov ided  ( U S  195 .402) .  
Each carr ier  s h a l l  e s t a b l i s h  and conduct  a c o n t i n u i n g  t r a i n -  
i n g  program t o  i n s t r u c t  p e r s o n n e l  i n  t h e  v a r i o u s  normal and 
emergency p r o c e d u r e s  t h a t  re la te  t o  t h e i r  a s s ignments  ( U S  
195 .403) .  Each company must have  a communication sys tem t o  
p r o v i d e  f o r  t h e  t r a n s m i s s i o n  o f  i n f o r m a t i o n  needed f o r  t h e  
s a f e  o p e r a t i o n  of  i ts  p i p e l i n e  sys tem ( U S  1 9 5 . 4 0 8 ) .  A con- 
t i n u i n g  p u b l i c  e d u c a t i o n  program s h a l l  b e  e s t a b l i s h e d  t o  
e n a b l e  t h e  p u b l i c  t o  r e c o g n i z e  and r e p o r t  l i q u i d  p i p e l i n e  
emergenc ies  ( U S  1 9 5 . 4 4 0 ) .  

API recommended p r a c t i c e s  f o r  l i q u i d  o i l  l i n e s  are 
i d e n t i c a l  t o  t h o s e  a l r e a d y  mentioned f o r  g a s  l i n e s .  

ANSI r e q u i r e s  each o p e r a t i n g  company t o  have a w r i t t e n  
emergency p l a n  which s h a l l  i n c l u d e  p r o c e d u r e s  f o r  prompt re- 
media l  a c t i o n .  The p l a n  s h a l l  p r o v i d e  f o r  t r a i n i n g  p e r s o n n e l ,  

l i a i s o n  w i t h  c i v i l  a g e n c i e s  and c o o p e r a t i v e  l e a k  n o t i f i c a t i o n  
w i t h  o t h e r  p i p e l i n e  o p e r a t o r s ,  among o t h e r  s u b j e c t s  (ANSI 
B31.454).  Each company must r e p o r t  changes  i n  c o n d i t i o n s  
a f f e c t i n g  t h e  sys tem,  e s t a b l i s h  p r o c e d u r e s  t o  analyze a l l  
f a i l u r e s  and a c c i d e n t s ,  a t t e m p t  t o  minimize a r e c u r r e n c e ,  and 
modify p l a n s  and p r o c e d u r e s  as c o n d i t i o n s  r e q u i r e  (ANSI 
B31.450.2) .  

CSA s t a n d a r d s  s t a t e  t h a t  r e c o r d s  s h a l l  b e  m a i n t a i n e d  t o  
a s s i s t  i n  t h e  development o f  p r o c e d u r e s  f o r  u s e  d u r i n g  emer- 
gency c o n d i t i o n s .  Among o t h e r s ,  t h e  r e c o r d s  s h a l l  i n c l u d e  a 
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list of  a g e n c i e s  t o  c o n t a c t  i n  case of emergency, c o n t a i n i n g  
names and phone numbers of key p e r s o n n e l ,  and l o c a t i o n  and 
d e s c r i p t i o n  of major r e p a i r  equipment (CSA 2183.9.9.4).  

DnV r u l e s  for l i q u i d  o i l  l i n e s  c o n t a i n  no material 
r e l a t i n g  t o  t h i s  t o p i c .  

I O P  c o d e s  f o r  l i q u i d  o i l  l i n e s  are t h e  same as t h o s e  
p r e v i o u s l y  descr ibed c o n c e r n i n g  gas l i n e s .  

c .  A n a l y s i s .  There  is a wide d i s p a r i t y  among t h e  regu-  
l a t i o n s  reviewed.  The IOP codes  d e v o t e  a n  e n t i r e  chapter t o  
emergency p r o c e d u r e s  and i n c l u d e  v a r i o u s  a p p e n d i c e s  on t h e  

s u b j e c t  w h i l e  DnV r u l e s  do n o t  mention emergencies  a t  a l l .  
CSA s tandards ,  u s u a l l y  h i g h l y- d e t a i l e d ,  p r o v i d e  l i t t l e  guid-  
ance .  

The US s t a n d a r d s  c o n t a i n  de ta i l ed  material on gas and 
o i l  leak  r e p o r t i n g  r e q u i r e m e n t s  which appear t o  be a d e q u a t e .  
The combina t ion  of t e l e p h o n i c  and w r i t t e n  r e p o r t s  o f  c e r t a i n  
i n c i d e n t s  a l so  would be applicable t o  Arctic c o n d i t i o n s ,  
a l t h o u g h  d e l a y s  i n  making t e l e p h o n e  c o n t a c t  (probably v i a  
r a d i o  from t h e  f i e l d )  w i t h  t h e  DOT c o u l d  be expected. 

Emergency p l a n  r e q u i r e m e n t s  are  e s s e n t i a l l y  t h e  same 
be tween  t h e  o r g a n i z a t i o n s  t h a t  r e q u i r e  them w i t h  t h e  e x c e p t i o n  
o f  t h e  minimal CSA p r o v i s i o n s .  The o n l y  differences are i n  
t h e  amount of d e t a i l  e x p l a i n i n g  t h e  v a r i o u s  p r o c e d u r e s  t h a t  
are r e q u i r e d .  P r o v i s i o n  for p e r s o n n e l  emergency t r a i n i n g  and 
rev iew might  be added t o  U S  gas l i n e  s t a n d a r d s  i n  a manner 
s imi lar  t o  t h e  new o i l  l i n e  s t a n d a r d s  ( U S  195.403;  1 9 7 9 ) .  
F a i l u r e  i n v e s t i g a t i o n  r e q u i r e m e n t s  between t h o s e  who addressed 
i t  w e r e  n e a r l y  i d e n t i c a l .  Remedial a c t i o n ,  mentioned o n l y  by  
API, A N S I  and I O P  p r o v i d e d  no a d d i t i o n a l  i n f o r m a t i o n  on t h e  

s u b j e c t .  I n c l u s i o n  o f  a requ i rement  i n  t h e  U S  s t a n d a r d s  f o r  
a complete remedial a c t i o n  p l a n ,  upda ted  r e g u l a r l y ,  for Arctic 
p i p e l i n e s  s h o u l d  be c o n s i d e r e d .  
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11. S a f e t y  Dev ices  

a .  R e g u l a t i o n s .  U S  g a s  p i p e l i n e  s t a n d a r d s  c o n t a i n  
c r i t e r i a  f o r  emergency shutdown s y s t e m s ,  p r e s s u r e - l i m i t i n g  
d e v i c e s  and  a d d i t i o n a l  s a f e t y  equipment f o r  compressor  s ta-  
t i o n s .  Each compressor  s t a t i o n  ( e x c e p t  f o r  u n a t t e n d e d  f i e l d  
s t a t i o n s ,  1 , 0 0 0  horsepower or l e s s )  must have an  emergency 
shutdown sys tem ( U S  1 9 2 . 1 6 7 ) ,  p r e s s u r e  r e l i e f  o r  o t h e r  d e v i c e s  

t o  p r e v e n t  o p e r a t i n g  p r e s s u r e s  exceed ing  t h e  maximum by more 

t h a n  1 0  p e r c e n t  ( U S  1 9 2 . 1 6 9 ) ,  a d e q u a t e  f i r e  p r o t e c t i o n  f a c i l -  
i t i e s ,  a d e v i c e  t o  p r e v e n t  e x c e s s i v e  speed  o f  s p e c i f i e d  prime 
movers,  and o t h e r  s a f e t y  d e v i c e s  ( U S  192 .171) .  

Each U S  l i q u i d  o i l  l i n e  pump s t a t i o n  must b e  p r o v i d e d  
w i t h  s a f e t y  d e v i c e s  t h a t  p r e v e n t  o v e r- p r e s s u r i n g ,  a d e v i c e  f o r  
emergency shutdown a n d ,  i f  power is  necessary t o  a c t u a t e  t h e  
s a f e t y  equipment ,  an  a u x i l i a r y  power s u p p l y  ( U S  1 9 5 . 2 6 2 ) .  N o  
car r ie r  may p e r m i t  t h e  p r e s s u r e  i n  a p i p e l i n e  d u r i n g  s u r g e s  
o r  o t h e r  v a r i a t i o n s  t o  exceed 110 p e r c e n t  o f  t h e  o p e r a t i n g  
p r e s s u r e  l i m i t .  Each car r ier  must  p r o v i d e  a d e q u a t e  c o n t r o l s  
and p r o t e c t i v e  equipment  t o  c o n t r o l  t h e  p r e s s u r e  w i t h i n  t h i s  
l i m i t  ( U S  1 9 5 . 4 0 6 ( b ) ) .  

API gas and o i l  p r a c t i c e s  s t a t e  t h a t  a s a f e t y  sys tem 
s h o u l d  b e  p r o v i d e d  t h a t  w i l l  p r e v e n t  o r  minimize t h e  conse-  

quences  of o v e r- p r e s s u r e  o r  l e a k s  (API 400). G a s  compressor  
s t a t i o n s  and o t h e r  g a s  p i p e l i n e  f a c i l i t i e s  on non- product ion  
p l a t f o r m s  s h o u l d  b e  p r o v i d e d  w i t h  a s a f e t y  sys tem i n  accor- 
dance  w i t h  ANSI B 3 1 . 8  and b e  p r o t e c t e d  by v a l v e s  o r  o t h e r  
components t o  s h u t  o f f  f low of  g a s  t o  t h e  p l a t f o r m  i n  an 
emergency (API 4 0 2 . 4 ) .  

L i q u i d  hydrocarbon p i p e l i n e  f a c i l i t i e s  on non- product ion  
p l a t f o r m s  i n  which p r e s s u r e  g e n e r a t i n g  equipment is  i n s t a l l e d  
s h o u l d  be p r o v i d e d  w i t h  a s a f e t y  sys tem a p p r o p r i a t e  t o  t h e  
p i p e l i n e  and w i t h  an e f f e c t i v e n e s s  e q u a l  t o  t h a t  o f  API 14C, 
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Appendix A ,  S e c t i o n  A9. The d e s i g n  o f  t h e  s a f e t y  s y s t e m  also 
s h o u l d  c o n s i d e r  t h e  need for l i m i t a t i o n  o f  s u r g e  p r e s s u r e  and 
o t h e r  v a r i a t i o n s  (API 4 0 2 . 1 ) .  

ANSI g a s  l i n e  s t a n d a r d s  f o r  p r o t e c t i o n  aga ins t  a c c i d e n t a l  
o v e r- p r e s s u r i n g  r e q u i r e  s u i t a b l e  p r e s s u r e - r e l i e v i n g  o r  p r e s s u r e-  
l i m i t i n g  d e v i c e s  ( A N S I  B31 .845 .1 ) .  S p e c i f i c  t y p e s  of t h e s e  
d e v i c e s  and r e q u i r e m e n t s  for t h e i r  d e s i g n  and c a p a c i t y  are 
mentioned (ANSI B31.845.2-4).  

ANSI o i l  l i n e  s t a n d a r d s  s p e c i f y  r e q u i r e m e n t s  f o r  i n s t a l l a -  
t i o n  of  p r e s s u r e  c o n t r o l s  and p r o t e c t i v e  equipment ,  i n c l u d i n g  
p r e s s u r e- l i m i t i n g  d e v i c e s ,  r e g u l a t o r s ,  c o n t r o l l e r s ,  r e l i e f  
v a l v e s ,  and o t h e r  s a f e t y  d e v i c e s  (ANSI B31.434.20.6) .  

CSA r e q u i r e s  each g a s  l i n e  compressor  s t a t i o n  t o  have an 
emergency shutdown s y s t e m  and CSA p r o v i d e s  r e q u i r e m e n t s  f o r  

such  a s y s t e m  (CSA 2 1 8 4 . 6 . 6 . 5 . 1 . 1 ) .  P r e s s u r e - r e l i e f  o r  o t h e r  
s u i t a b l e  p r o t e c t i v e  d e v i c e s  s h a l l  b e  i n s t a l l e d  and m a i n t a i n e d  
t o  a s s u r e  t h a t  t h e  maximum a l l o w a b l e  o p e r a t i n g  p r e s s u r e  o f  t h e  

s t a t i o n  p i p i n g  and equipment is  n o t  exceeded by more t h a n  10 

p e r c e n t  (CSA 2 1 8 4 . 6 . 6 . 6 . 1 ) .  Var ious  o t h e r  c o m p r e s s o r- s t a t i o n  
s a f e t y  d e v i c e s  a l s o  are r e q u i r e d  (CSA 2184.6.6.6- 7,  9 ) .  Every 

p i p e l i n e  sys tem s h a l l  b e  equipped w i t h  s u i t a b l e  p r e s s u r e-  
r e l i e v i n g  o r  p r e s s u r e - l i m i t i n g  d e v i c e s  (CSA 2 1 8 4 . 6 . 8 . 1 ) .  
Requirements  f o r  t h e  d e s i g n  and c a p a c i t y  o f  t h e s e  i n s t a l l a t i o n s  

are p rov ided  (CSA 2184 .6 .8 .6- 7) .  

CSA l i q u i d  o i l  l i n e  s t a n d a r d s  r e q u i r e  i n s t a l l a t i o n  o f  
p r e s s u r e- l i m i t i n g  d e v i c e s  t o  e n s u r e  t h a t  maximum p r e s s u r e ,  
i n c l u d i n g  a l l  t r a n s i e n t  p r e s s u r e s ,  s h a l l  n o t  exceed e i t h e r  88 
p e r c e n t  of t h e  p r o o f - t e s t  p r e s s u r e  o r  t h a t  p r e s s u r e  cor respond-  
i n g  t o  93 p e r c e n t  of t h e  SMYS (CSA 2 1 8 3 . 7 . 5 . 1 . 2 ) .  

DnV r u l e s  f o r  g a s  and o i l  l i n e s  assume t h a t  t h e  p i p e l i n e  
is o p e r a t e d  and c o n t r o l l e d  by a sys tem d e s i g n e d  a c c o r d i n g  t o  
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g e n e r a l l y  r ecogn ized  codes  or s t a n d a r d s ,  i n c l u d i n g  r e q u i r e-  
m e n t s  f o r  adequa te  automatic- emergency shutdown s y s t e m s  
(DnV 1 . 2 . 4 . 2 ) .  

The  IOP s e c t i o n  on o p e r a t i o n ,  c o v e r i n g  g a s  and o i l  l i n e s ,  
s tates t h a t  p a r t i c u l a r  emphasis  s h o u l d  b e  p l a c e d  on s a f e t y  
d e v i c e s  fo r  p r o t e c t i n g  t h e  p i p e l i n e  from p r e s s u r e s  i n  e x c e s s  
o f  those f o r  which i t  w a s  d e s i g n e d .  Also i m p o r t a n t  are warn-  
i n g  i n s t r u m e n t s  and  shutdown pumps, i n  case o f  damage caused  
t o  t h e  p i p e l i n e  by Act-of-God o r  t h i r d - p a r t y  a c t i v i t i e s  (IOP 
8 .1 ) .  

b .  A n a l y s i s .  O f  t h e  s t a n d a r d s  rev iewed ,  t h e  U S  r e q u i r e -  
m e n t s  f o r  b o t h  g a s  and o i l  l i n e s  are t h e  most comple te .  The 

U S  P a r t s  192 and 195 seem adequa te  f o r  Arctic s u b s e a  p i p e l i n e  
s y s t e m s .  

I n  c o n t r a s t ,  DnV r u l e s  p r o v i d e  e s s e n t i a l l y  no material 
on t h e  s u b j e c t .  API and IOP c o d e s  c o v e r  s a f e t y  d e v i c e s  i n  
g e n e r a l  t e r m s ,  a l t h o u g h  t h e  API gas l i n e  p r a c t i c e s  i n c o r p o r a t e  
ANSI B 3 1 . 8  by reference. ANSI g a s  l i n e  s t a n d a r d s  i n c l u d e  
r e q u i r e m e n t s  f o r  t h e  d e s i g n  and c a p a c i t y  o f  p r o t e c t i v e  d e v i c e s ,  
a s u b j e c t  a lso  covered  i n  t h e  CSA g a s  l i n e  s t a n d a r d s ,  b u t  n o t  
i n  any of  t h e  o t h e r s .  However, t h e  ANSI and CSA g a s  l i n e  
s t a n d a r d s  a p p l y  o n l y  t o  above ground sys tems .  ANSI o i l  l i n e  
s t a n d a r d s  s p e c i f y  i n s t a l l a t i o n  r e q u i r e m e n t s  f o r  s a f e t y  equip-  
m e n t  b u t  do n o t  d i s c u s s  t h e  d e v i c e s  themse lves .  The CSA s t a n -  
d a r d s  p r o v i d e  d e t a i l e d  r e q u i r e m e n t s  f o r  g a s  l i n e s  b u t  i n c l u d e  
minimal material for o i l  l i n e s .  

1 2 .  Thermal  E x p a n s i o n / C o n t r a c t i o n  

a. R e g u l a t i o n s .  U S  g a s  l i n e  s t a n d a r d s  s t a t e  t h a t  each 
p i p e l i n e  must b e  d e s i g n e d  w i t h  enough f l e x i b i l i t y  t o  p r e v e n t  
the rmal  expans ion  o r  c o n t r a c t i o n  from c a u s i n g :  e x c e s s i v e  
stresses i n  t h e  p i p e  or components;  e x c e s s i v e  bending or 
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unusual  l o a d s  a t  j o i n t s ;  u n d e s i r a b l e  forces or moments a t  
p o i n t s  o f  c o n n e c t i o n  t o  equipment ,  or a t  anchorage ,  or  guide 
p o i n t s  ( U S  192.159) .  S e c t i o n  419 o f  ANSI B31.4 must be 
f o l l o w e d  for U S  o i l  l i n e  expans ion  and f l e x i b i l i t y  r e q u i r e-  
m e n t s  ( U S  195 .110) .  

API recommended p r a c t i c e s  f o r  expans ion  and f l e x i b i l i t y  

i n c o r p o r a t e  ANSI B31.832-3 ( g a s  l i n e s )  and ANSI €331.419 ( o i l  
l i n e s )  by r e f e r e n c e  (API 2 0 3 ) .  

ANSI g a s  l i n e  s t a n d a r d s  f o r  expans ion  and f l e x i b i l i t y  

a p p l y  t o  above-ground p i p i n g  on ly  (ANSI B31.832.1) .  S i n c e  
t h e s e  are n o t  a p p l i c a b l e  t o  t h e  Arctic s u b s e a  env i ronment ,  
t h e y  w i l l  n o t  be covered  h e r e .  ANSI o i l  l i n e  s t a n d a r d s  on 
expans ion  and f l e x i b i l i t y  are a p p l i c a b l e  t o  b o t h  above-ground 
and b u r i e d  p i p i n g .  P i p i n g  s h a l l  be d e s i g n e d  t o  have  s u f f i -  
cient  f l e x i b i l i t y  to p r e v e n t  expans ion  or c o n t r a c t i o n  from 
causing e x c e s s i v e  stresses i n  t h e  p i p i n g  material ,  unaccept-  
able bend ing  moments a t  j o i n t s ,  or t o o  l a r g e  f o r c e s  or moments 
a t  c o n n e c t i o n s  t o  equipment ,  or a t  anchorage  or g u i d e  p o i n t s .  
Expansion ca lcu la t ions  are n e c e s s a r y  for b u r i e d  l i n e s  i f  
s i g n i f i c a n t  t e m p e r a t u r e  changes  are e x p e c t e d ,  such as  when 
t h e  l i n e  is t o  c a r r y  h e a t e d  o i l .  U n l e s s  movements are re- 
s t r a i n e d ,  t h e  n e c e s s a r y  f l e x i b i l i t y  s h a l l  b e  p r o v i d e d  (ANSI 
B31.419.1) .  Means of a c h i e v i n g  f l e x i b i l i t y  and i n f o r m a t i o n  
for making c a l c u l a t i o n s  are g iven  (ANSI B31.419.5-6, F i g u r e  
B 3 1 . 4 1 9 . 6 . 4 ( ~ ) ) .  

CSA g a s  l i n e  expans ion  and f l e x i b i l i t y  s t a n d a r d s  a p p l y  
t o  above-ground p i p i n g  o n l y  (CSA 2184.5.3) and w i l l  n o t  b e  
covered  h e r e .  CSA o i l  l i n e  s t a n d a r d s  a p p l y  t o  b o t h  above- 
ground and b u r i e d  sys tems  and are v i r t u a l l y  i d e n t i c a l  t o  ANSI 
B31.419 d e s c r i b e d  above.  

.DnV r u l e s  fo r  g a s  and o i l  l i n e s  d e f i n e  t h e r m a l  expans ion  
and c o n t r a c t i o n  as f u n c t i o n a l  l o a d s .  These  l o a d s  p r i m a r i l y  
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i n c l u d e  t h e  e f f ec t  o f  p roduc t  t e m p e r a t u r e  on material tempera-  
t u r e .  P o s s i b l e  o t h e r  c a u s e s  o f  changes  i n  material t e m p e r a t u r e  
w i l l  be c o n s i d e r e d  (DnV 3 . 2 . 2 ) .  

IOP  codes  s t a t e  t h a t  when v a r i a t i o n s  i n  p i p e l i n e  tempera- 
t u r e  o c c u r ,  a l lowance  s h o u l d  be made for t h e  effects o f  the rmal  
expans ion  and c o n t r a c t i o n  ( I O P  2 . 1 . 5 ) .  IOP codes  c o n c e r n i n g  
expans ion  and f l e x i b i l i t y  and i n f o r m a t i o n  t o  make such  c a l c u-  
l a t i o n s  are e s s e n t i a l l y  i d e n t i c a l  t o  A N S I  B31.419. 

b.  A n a l y s i s .  Thermal expans ion  and c o n t r a c t i o n ,  and 
t h u s  f l e x i b i l i t y ,  may be e x p e c t e d  t o  be a greater problem f o r  
an Arctic s u b s e a  p i p e l i n e  t h a n  one  i n  a more temperate l o c a-  
t i o n  because  of low t e m p e r a t u r e s .  The s t a n d a r d s  reviewed 
r e q u i r e  s u f f i c i e n t  f l e x i b i l i t y  t o  p r e v e n t  e x c e s s i v e  stresses. 
The U S  s t a n d a r d s  a p p e a r  s u i t a b l e  f o r  Arctic s u b s e a  a p p l i c a t i o n s ,  
b u t  i n t e r a c t i o n  between t h e  p i p e  and soil (case of c o n s t r a i n e d  
p ipe )  s h o u l d  be addressed and t h e  c o n s t r a i n e d  v e r s u s  non- 
c o n s t r a i n e d  p i p e  cases d i s t i n g u i s h e d .  

A N S I  s t a n d a r d s ,  or n e a r l y  i d e n t i c a l  c o p i e s  of ANSI s t a n -  
d a r d s ,  form t h e  bas i s  of a l l  b u t  t h e  DnV r u l e s .  API, A N S I  a n d  

CSA gas l i n e  e x p a n s i o n / c o n t r a c t i o n  s t a n d a r d s  a p p l y  o n l y  t o  
above-ground s i t u a t i o n s ,  b u t  gu idance  is  p r o v i d e d  i n  o t h e r  
p a r a g r a p h s  on  r e s t r a i n t s  and a n c h o r i n g  of  b u r i e d  l i n e s .  DnV 
r u l e s  bare ly  address thermal  expans ion  and c o n t r a c t i o n .  
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V I .  RECOMMENDATIONS FOR ARCTIC PIPELINE SAFETY STANDARDS 

T h i s  s e c t i o n  a d d r e s s e s  recommended changes  o r  a d d i t i o n s  
t o  t h e  s a f e t y  s t a n d a r d s  i n  t h e  a p p l i c a b l e  p o r t i o n s  o f  CFR 4 9 ,  

P a r t  192 ( g a s  p i p e l i n e s )  and P a r t  195  ( l i q u i d  p i p e l i n e s )  
r e v i s e d  October  1, 1979. The recommendations are l i m i t e d  t o  
t h o s e  a s p e c t s  which a f f e c t  o f f s h o r e  Arctic p i p e l i n e s  c a r r y i n g  

gaseous  o r  l i q u i d  hydrocarbons .  Fur the rmore ,  a c c o r d i n g  t o  a 
Memorandum of  Unders tand ing  (MOU) between DOT and DO1 ( d a t e d  

May 6 ,  1976)  t h e  s t a n d a r d s  c i t e d  above app ly  o n l y  t o  p i p e l i n e s  

o r i g i n a t i n g  a t  t h e  o u t l e t  f l a n g e  o f  a n  o f f s h o r e  p r o d u c t i o n  
f a c i l i t y  and e x t e n d i n g  t o  a n  o n s h o r e  f a c i l i t y .  

Dravo Van Houten,  I n c .  conducted  a r e v i e w  o f  o f f s h o r e  

p i p e l i n e  s a f e t y  p r a c t i c e s  f o r  t h e  O f f i c e  o f  P i p e l i n e  S a f e t y  

i n  December 1977.  Many recommendations were made i n  t h a t  

review f o r  amendments t o  P a r t s  192 and 1 9 5 ,  some o f  which 

app ly  t o  o f f s h o r e  Arct ic  P i p e l i n e s .  The a p p l i c a b l e  recommen- 

d a t i o n s  are n o t  r e p e a t e d  h e r e  b u t  r e f e r e n c e  w i l l  be made t o  
t h e  Dravo Van Houten r e p o r t  as  r e q u i r e d .  

Although M O U ' s  e x i s t  between DOT and DO1 on p i p e l i n e s ,  

t h e r e  a p p e a r s  t o  s t i l l  b e  d u a l  r e s p o n s i b i l i t y  a s  i n d i c a t e d  i n  
t h e  USGS Gulf o f  Mexico OCS Order  #9 ,  e f f e c t i v e  Oc tober  30,  

1970. I t  r e m a i n s  a p p a r e n t l y  unchanged i n  l a t e r  OCS Orders  f o r  
t h e  Gulf of Alaska (March 1976) and f o r  Arctic Alaska  ( s t i l l  
i n  t h e  d r a f t  fo rm) .  According t o  Order  #9 " O i l  and G a s  P ipe-  

l i n e s , "  t h e  USGS area s u p e r v i s o r  "is a u t h o r i z e d  t o  approve  
t h e  d e s i g n ,  o t h e r  f e a t u r e s ,  and p l a n  o f  i n s t a l l a t i o n  o f  a l l  
p i p e l i n e s  f o r  which a r i g h t  o f  u s e  or easemen t  h a s  been 
g r a n t e d  . . . .  i n c l u d i n g  t h o s e  p o r t i o n s  o f  such l i n e s  which ex- 

t e n d  o n t o  o r  t r a n s v e r s e  areas o t h e r  t h a n  t h e  o u t e r  c o n t i n e n t a l  
s h e l f .  

I t  is assumed i n  t h e s e  recommendations t h a t  hydrocarbons  

t r a n s p o r t e d  t h r o u g h  a p i p e l i n e  i n  t h e  Arctic Sea  would b e  i n  
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t h e  form of n a t u r a l  gas, c r u d e  o i l ,  o r  o i l / g a s  ( t w o  phase) 
m i x t u r e .  Cryogenic  f l u i d s  are n o t  c o n s i d e r e d  s i n c e ,  i f  any 
gas l i q u e f a c t i o n  p l a n t s  are t o  be b u i l t  i n  t h e  f u t u r e ,  t h e y  
would most l i k e l y  be a part  of an o n s h o r e  i n s t a l l a t i o n .  

I n  t h e  d i s c u s s i o n  o f  t h e  federal s a f e t y  s t a n d a r d s  Parts 
192 and 195, o t h e r  p i p e l i n e  r e g u l a t i o n s  l i s t ed  i n  Chap te r  V 
were a n a l y z e d  t h e r e  t o  o b t a i n  a better u n d e r s t a n d i n g  of t h e  

approaches  used  by  o t h e r  a g e n c i e s .  I n  a d d i t i o n ,  t h e  f o l l o w i n g  
two documents were reviewed,  

0 Environmenta l  P r o t e c t i o n  Agency " O i l  P o l l u t i o n  
P r e v e n t i o n , "  F e d e r a l  R e g i s t e r ,  Vol.  38, N o .  237,  
December 11, 1973. 

0 Germanischer  Lloyd ( W .  Germany) "Allgemeine 
Grundsa tze  f u r  Ver legung,  Prufung und Uberwachung 
von R o h r l e i t u n g e r  u n t e r  Wasser , I 1  March 1973. 

The recommended changes  o r  a d d i t i o n s  t o  t h e  Federal 
S a f e t y  S t a n d a r d s  f o r  hydrocarbon p i p e l i n e s  i n  t h e  Arctic Sea 

were d e r i v e d  from t h e  d i s c u s s i o n s  i n  p r e v i o u s  s e c t i o n s  of 
Arctic p i p e l i n e  s t a t e  o f  t h e  a r t ,  problems and hazards pecu- 
l i a r  t o  t h e  a r e a ,  and env i ronmenta l  c o n c e r n s .  A br ief  j u s t i -  
f i c a t i o n  is p r e s e n t e d  i n  t h i s  c h a p t e r  a f t e r  each recommendation. 

A .  RECOMMENDATIONS FOR PART 192 (GAS PIPELINES) 

1. Para. 192 .17  F i l i n g  of I n s p e c t i o n  and Maintenance P l a n s  

a .  Sugges ted  Change. A t  p r e sen t  Par t  192 does  n o t  con- 
sider c o n t i n g e n c i e s  connec ted  w i t h  an  o f f s h o r e  Arctic gas l e a k ,  
Emergency p l a n s  are i d e n t i f i e d  i n  Para. 192.615 b u t  these a p p l y  
p r i m a r i l y  t o  p o p u l a t e d  o n s h o r e  areas. A special  and more 
de t a i l ed  p l a n  is r e q u i r e d  due t o  t h e  s e v e r e  env i ronment ,  a v a i l -  
a b i l i t y  and r e s p o n s e  t i m e  of men and equipment ,  and  d i f f i c u l t  
l o g i s t i c s  i n  t h e  Arctic when an emergency o c c u r s .  
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Two o p t i o n s  are  a v a i l a b l e :  one is t o  modify P a r a .  
192.615 t o  address t h e  Arctic o f f s h o r e  s i t u a t i o n ;  t h e  second 
is t o  r e q u i r e  i n  Para. 192 .17  an a d d i t i o n a l  G a s  Leak C o n t r o l  
P l a n  t o  be s u b m i t t e d  by t h e  p i p e l i n e  o p e r a t o r .  

b .  J u s t i f i c a t i o n .  The  access t o  a submarine p i p e l i n e  
i n  t h e  B e a u f o r t  or Chukchi S e a s  is d i f f i c u l t .  The de tec t ion  
and r e p a i r  of  gas leaks is hampered by t h e  ice t h a t  c o v e r s  
t h e  s u r f a c e  f o r  approx imate ly  n i n e  months of t h e  year ,  and by 
l o w  t e m p e r a t u r e s  t h a t  make o u t d o o r  a c t i v i t i e s  d i f f i c u l t  and 
haza rdous  (see S e c t i o n  11). The d i f f i c u l t i e s  are f u r t h e r  
a m p l i f i e d  b y  problems of equipment t r a n s p o r t a t i o n  d u r i n g  t h e  
break- up or f reeze- up  p e r i o d s ,  and t h e  l o n g  d i s t a n c e s  t o  
i n d u s t r i a l  c e n t e r s  for manpower and equipment (see S e c t i o n  
IV.E, F ) .  G a s  e s c a p i n g  from a d e f e c t i v e  p i p e l i n e  can accumu- 
l a t e  and migrate under  t h e  i ce  i n  an  u n p r e d i c t a b l e  manner 
p o s i n g  env i ronmenta l  and f i r e  h a z a r d s .  The need t o  s t o p  such 
a leak as soon as p o s s i b l e  is mandatory.  

A l l  t h i s  creates a s c e n a r i o  q u i t e  d i f f e r e n t  f rom t h e  

lower  48 S t a t e s  where t h e  main concern  i s  about  t h e  s a f e t y  o f  
t h e  s u r r o u n d i n g  p o p u l a t i o n  and n o t  about  a p r o c e d u r e  f o r  p ipe-  
l i n e  repair. On t h e  Arctic o f f s h o r e  there i s  a need f o r  a 
prepared- in- advance  c o n t i n g e n c y  p l a n  which  would: take i n t o  
account  s e a s o n a l  d i f f e r e n c e s ;  d e f i n e  r e p a i r  t e c h n i q u e s ;  iden-  
t i f y  t h e  a v a i l a b i l i t y  of equipment and p e r s o n n e l ;  i d e n t i f y  
t r a n s p o r t a t i o n  means; and d e f i n e  a management s e t - u p  t o  d e a l  
w i t h  t h e  problem. 

I t  w a s  no ted  t h a t  t h e  s t a n d a r d s  f o r  l i q u i d  p i p e l i n e s  
P a r a .  195.401 (1979 amendment) a m p l i f i e d  t h e  r e q u i r e m e n t s  for 
a manual on o p e r a t i o n s ,  maintenance  and emergenc ies .  A s i m i -  
l a r  manual is needed f o r  gas p i p e l i n e s  t o  make t h e  p r o c e d u r e s  
f o r  gas and l i q u i d  p i p e l i n e s  as similar  as poss ib le ,  
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While  i t  i s  recognized t h a t  a gas l e a k  is  less damaging 

t o  t h e  env i ronmen t  t h a n  an o i l  l e a k ,  r e p a i r s  r e q u i r e d  f o r  e a c h  
impose s im i l a r  p rob lems  i n  t h e  Arctic o f f s h o r e .  

The 1979 l i q u i d  p i p e l i n e  amendments added P a r a .  195 .403  

on t h e  t r a i n i n g  o f  p e r s o n n e l  f o r  m a i n t e n a n c e  a n d  emergencies. 
For g a s  p i p e l i n e s  t h e  t r a i n i n g  r e q u i r e m e n t  is men t ioned  i n  o n e  
s u b p a r a g r a p h  1 9 2 . 6 1 5  ( b )  ( 2 ) .  Expanding  t h i s  r e q u i r e m e n t  f o r  

g a s  p i p e l i n e s  a p p e a r s  d e s i r a b l e .  

API-RP 1111 c o n t a i n s  i n  P a r a .  702 a r e q u i r e m e n t  f o r  an  

emergency p l a n  which  i n c l u d e s  “ p r o t e c t i o n  of t h e  e n v i r o n m e n t ,  

l i m i t a t i o n  o f  d i s c h a r g e  f rom t h e  p i p e l i n e  s y s t e m  and f o r  f a i l -  

u r e  i n v e s t i g a t i o n s .  ’’ 

2 .  P a r a .  1 9 2 . 5 1  - 1 9 2 . 5 5  Materials (Also 1 9 2 . 6 5 )  

a .  S u g g e s t e d  Changes .  P i p e l i n e  materials  and  components  

f o r  Arctic o f f s h o r e  a p p l i c a t i o n  s h o u l d  be l i m i t e d  t o  s t ee l  
o n l y .  Cast i r o n ,  c o p p e r  o r  p l a s t i c  l i s t e d  i n  t h e  p r e s e n t  
s a f e t y  s t a n d a r d s  s h o u l d  b e  e x c l u d e d  f rom Arctic o f f s h o r e  u s e .  
The Appendix B o f  t h e  s a f e t y  s t a n d a r d s  l is ts  a number o f  mate- 
r i a l  s p e c i f i c a t i o n s .  A N S I  B 3 1 . 8  s h o u l d  b e  added  t o  t h e  appen-  
d i x .  I t  c o n t a i n s  c o d e s  f o r  t r a n s m i s s i o n  and  d i s t r i b u t i o n  

l i n e s  and  ASTM A 6 7 1 ,  A672 a d d r e s s i n g  e l ec t r i c  f u s i o n  s t e e l  
p i p e  a t  l o w  and  m o d e r a t e  t e m p e r a t u r e s .  The need  f o r  good 
m e c h a n i c a l  p r o p e r t i e s  a t  l o w  t e m p e r a t u r e s  and  good f r a c t u r e  

t o u g h n e s s  s h o u l d  b e  emphas ized  i n  t h e  s a f e t y  s t a n d a r d s .  Maxi- 
mum allowable stress s h o u l d  b e  s p e c i f i e d  d u r i n g  t r a n s p o r t a t i o n  

and i n s t a l l a t i o n  o f  t h e  p i p e .  

b. J u s t i f i c a t i o n .  Materials t h a t  may be m a r g i n a l  u n d e r  

r i g o r o u s  Arct ic  c o n d i t i o n s  s h o u l d  be e x c l u d e d  because of  t h e  
p o t e n t i a l l y  s i g n i f i c a n t  e n v i r o n m e n t a l  impac t  a n d  t h e  h i g h  
r e p a i r  cost  a s s o c i a t e d  w i t h  p i p e l i n e  f a i l u r e s .  D e t  n o r s k e  
Veritas (DnV) ( S e c t i o n  5 ) ,  I n s t i t u t e  o f  P e t r o l e u m  ( I O P )  
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( S e c t i o n  3 ) ,  and American Pe t ro leum I n s t i t u t e  (API) (RP-1111, 
S e c t i o n  3 )  r u l e s  a l l  s p e c i f y  steel e x c l u s i v e l y  f o r  p i p e  i n  
c o l d  env i ronments .  

Although submar ine  p i p e l i n e s  once i n s t a l l e d  i n  t h e  Arctic 
Sea w i l l  b e  s u b j e c t e d  t o  a r e l a t i v e l y  c o n s t a n t  and modera te  
e x t e r n a l  t e m p e r a t u r e  of abou t  minus 1 . 8 ' C  (29 'F) ,  i n  most cases 
t h e  t r a n s p o r t a t i o n ,  s t o r a g e ,  i n s t a l l a t i o n  and p r e s s u r e - t e s t i n g  
may expose  t h e  p i p e  materials t o  ambient t e m p e r a t u r e s  as l o w  
as minus 5OoC (minus 60'F). Consequen t ly ,  low t r a n s i t i o n  
t e m p e r a t u r e s  and h i g h  f r a c t u r e  toughness  s h o u l d  be a p r imary  
charac ter i s t ic  of  Arctic p i p e l i n e  material .  P i p e  stress d u r i n g  
t r a n s p o r t a t i o n  and i n s t a l l a t i o n  s h o u l d  be l i m i t e d  t o  a l e v e l  
t h a t  p r e v e n t s  p i p e  damage under  t h e  lowes t  t e m p e r a t u r e s  en-  
c o u n t e r e d  ( S e e  S e c t  i o n  I V .  A ) .  

The  Canadian S t a n d a r d s  A s s o c i a t i o n  (CSA) s p e c i f i e s  
f r a c t u r e  toughness  p r o p e r t i e s  a t  d e s i g n  t e m p e r a t u r e s  (2184 ,  
P a r a .  3 . 1 . 2 . 2 )  and so  does  DnV ( P a r a .  5 . 2 . 3 ) .  

Because of  t h e  impor tance  of h igh  f r a c t u r e  toughness  i n  
p r e v e n t i n g  c r a c k  p r o p a g a t i o n ,  a c r i t e r i a  f o r  i t  s h o u l d  be 
s t i p u l a t e d  i n  t h e  s a f e t y  s t a n d a r d s  ( s u c h  as  Charpy V-Notch, 
NDT or o t h e r s ) .  

3 .  P a r a .  192.103 P i p e  D e s i g n  - G e n e r a l  

a .  Sugges ted  Change. The l i s t  of e x t e r n a l  l o a d s  s h o u l d  
be expanded t o  i n c l u d e  f o r c e s  from w i n d ,  waves, c u r r e n t s ,  sub-  
sea o r  s h o r e l i n e  permafrost induced forces ( t h a w  s u b s i d e n c e  o r  
f r o s t  heave i f  gas t e m p e r a t u r e  is  below f r e e z i n g ) ,  i ce  move- 
m e n t ,  e r o s i o n  and s o i l  movement, t h e r m a l  l o a d s ,  and seismic 
act i v i t y  . 

b .  J u s t i f i c a t i o n .  T h i s  i t e m  w a s  b rough t  o u t  i n  t h e  

Dravo Van Houten r e p o r t  ( p .  4-33 th rough  4- 44).  I t  i s  covered  
i n  t h e  API - RP-1111 ( P a r a .  2 0 0 . 5 )  and i n  DnV ( S e c t i o n  2 . 3 ) .  
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Some o f  t h e s e  f o r c e s  s u c h  as wind ,  wave,  c u r r e n t s  a n d  ice  
movement w i l l  be i m p o r t a n t  d u r i n g  t h e  i n s t a l l a t i o n  p h a s e ,  
o t h e r s  s u c h  as ice s c o u r i n g ,  g e o t e c h n i c  f o r c e s  and  s e i s m i c i t y  
w i l l  b e  o f  s i g n i f i c a n c e  i n  t h e  o p e r a t i o n a l  p h a s e .  I t  is  con-  
s i d e r e d  n e c e s s a r y  t o  have  v a r i o u s  e x t e r n a l  f o r c e s  l i s t e d  t o  
b r i n g  t o  t h e  d e s i g n e r ' s  a t t e n t i o n  t h e  u n i q u e  h a z a r d s  associat-  
ed w i t h  Arctic o f f s h o r e  p i p e l i n e s  (see S e c t i o n  1V.D). 

4 .  P a r a .  1 9 2 . 1 5 9  F l e x i b i l i t y  

a .  S u g g e s t e d  Change. A b r i e f  s t a t e m e n t  is  made i n  t h i s  
p a r a g r a p h  c o n c e r n i n g  t h e  e f f e c t  o f  t h e r m a l  e x p a n s i o n  o r  con- 
t r a c t i o n  o f  t h e  p i p e l i n e .  T h i s  p a r a g r a p h  s h o u l d  be c l a r i f i e d  
by  a r e q u i r e m e n t  t h a t  stresses r e s u l t i n g  from e x p a n s i o n  o r  
c o n t r a c t i o n  s h o u l d  b e  combined w i t h  o t h e r  i n t e r n a l  o r  e x t e r n a l  
l o a d s  f o r  e i t h e r  c o n s t r a i n e d  o r  u n c o n s t r a i n e d  p i p e l i n e s .  
R e f e r e n c e  t o  ANSI B31.8-1975 would b e  a p p r o p r i a t e .  

b .  J u s t i f i c a t i o n .  Recen t  c r a c k s  found  i n  t h e  T r a n s  
A l a s k a  p i p e l i n e ,  which were m a i n l y  c a u s e d  by p i p e  s a g g i n g ,  
i l l u s t r a t e d  t h e  need  f o r  an accurate p r e d i c t i o n  of a l l  l o a d s  
when d e s i g n i n g  f o r  s t a n d a r d  minimum y i e l d  s t r e n g t h .  The API 
p r a c t i c e s  r e g a r d i n g  t h e r m a l  e x p a n s i o n  o r  c o n t r a c t i o n  r e f e r  

t o  ANSI B 3 1 . 8  ( P a r a .  2 1 0 . 7 ) .  The DnV r u l e s  r e q u i r e  t h a t  l o a d s  

d u e  t o  t h e r m a l  e x p a n s i o n  b e  i n c l u d e d  i n  an i n t e r n a l  p r e s s u r e  
stress c a l c u l a t i o n  ( P a r a .  3 . 2 . 2 . 4 ) .  S i m i l a r l y ,  CSA S t a n d a r d  
2-184 s p e c i f i e s  c a l c u l a t i o n s  o f  combined stresses c o n s i d e r i n g  
t h e r m a l  e x p a n s i o n  o r  c o n t r a c t i o n  ( P a r a .  5 . 4 ) .  

D i s c u s s i o n  on t h e r m a l  a n d  o t h e r  e x t e r n a l  l o a d s  i s  con-  
t a i n e d  i n  S e c t i o n  1 V . D  of t h i s  r e p o r t  as  w e l l  a s  i n  i t e m  3 

above .  

5 .  P a r a .  192 .163  Compressor  S t a t i o n s :  Des ign  and  C o n s t r u c t i o n  

a .  S u g g e s t e d  Change. An a n t i - i c i n g  s y s t e m  f o r  compres so r  
u n i t s  s h o u l d  b e  r e q u i r e d  i n  v iew of p o t e n t i a l  i c i n g  h a z a r d s .  



b. J u s t i f i c a t i o n .  The i c i n g  of compressor  i n l e t s  is a 
problem e x p e r i e n c e d  i n  Prudhoe Bay i n s t a l l a t i o n s  and d i s c u s s e d '  

i n  S e c t i o n  I V . J . 2  of t h i s  r e p o r t ,  I t  is  a u n i q u e  problem of 
t h i s  environment  and s h o u l d  be a d d r e s s e d  i n  s a f e t y  s t a n d a r d s  
f o r  Arctic o f f s h o r e  p i p e l i n e s  ( s e e  S e c t i o n  I V . J . l ) .  

6 ,  P a r a .  192.179 Transmiss ion  L i n e  Valves 

a .  Sugges ted  Change. CFR 49  allows t h e  u s e  of d u c t i l e  
i r o n  i n  a d d i t i o n  t o  s t ee l  f o r  v a l v e s  ( P a r a .  1 9 2 . 1 4 5 ) .  Valve 
material f o r  t h e  Arctic o f f s h o r e  p i p e l i n e s  s h o u l d  b e  l i m i t e d  
t o  s teel  o n l y ,  w i t h  mechanica l  p r o p e r t i e s  matching t h o s e  o f  
t h e  p i p e  mater ia l .  

CFR 49 s h o u l d  r e q u e s t  t h e  p lacement  of  b l o c k  and check 
v a l v e s  a t  t h e  o f f s h o r e  p l a t f o r m  o u t l e t  and a t  t h e  o n s h o r e  
i n l e t  of  a p i p e l i n e .  P r e s e n t l y ,  P a r a .  192 .179(d)  s p e c i f i e s  

t h a t  " o f f s h o r e  segments  o f  t r a n s m i s s i o n  l i n e s  must be equipped 

w i t h  v a l v e s  o r  o t h e r  components t o  s h u t  o f f  t h e  f low o f  g a s  
t o  an o f f s h o r e  p l a t f o r m  i n  an emergency."  

b .  J u s t i f i c a t i o n .  The two i s s u e s  d i s c u s s e d  above a l s o  
were brough t  f o r t h  i n  t h e  Dravo Van Houten Repor t  (P. 4-107 t o  
4-111). The requ i rement  f o r  s tee l  as a v a l v e  material h a s  t h e  
same j u s t i f i c a t i o n  as t h a t  g i v e n  f o r  p i p e s  i n  i t e m  2 of t h i s  
s e c t i o n .  I n  t h e  o t h e r  r e g u l a t i o n s  rev iewed ,  s u c h  as API (by  

r e f e r e n c e  t o  ANSI B31 .8 ) ,  I n s t i t u t e  of Pe t ro leum ( P a r a .  2 .4 .8 ) ,  

DnV ( P a r a .  5.3.1) s p e c i f y  s tee ls  a s  v a l v e  mater ia l .  

The b l o c k  and check v a l v e s  l o c a t e d  a t  b o t h  ends  of  t h e  
o f f s h o r e  p i p e l i n e  would s h u t  o f f  t h e  f l o w  i n  t h e  e v e n t  o f  a 
p i p e  f a i l u r e  a n d  t h e  r e s u l t i n g  p r e s s u r e  d r o p .  I t  would p r e v e n t  
a backf low from o n s h o r e  p i p e l i n e s ,  t h u s  l i m i t i n g  t h e  amount of 
gas l o s t  t o  t h e  envi ronment .  



7 .  Para. 192.223 Q u a l i f i c a t i o n  of Welding P r o c e d u r e s  

a .  Suggested. I t  is recommended t h a t  underwate r  
we ld ing  t echno logy  be r e c o g n i z e d  i n  t h e  s a f e t y  s t a n d a r d s .  I t  
is n o t  mentioned i n  CFR 49.  Recogni t ion  of t h i s  t echno logy  
t h r o u g h  t h e  d e f i n i t i o n  of c r i t e r ia  for  underwater  we ld ing  
c o u l d  a s s u r e  t h e  u s e  of t h e  best a v a i l a b l e  t e c h n i q u e s ,  A l -  
though,  t o  o u r  knowledge, there are no e x i s t i n g  s t a n d a r d s  f o r  
w e t  we ld ing  a t  t h i s  t i m e ,  p r a c t i c e s  and p r o c e d u r e s  do e x i s t  
t h a t  are r e f e r e n c e d  b y  t h e  s h i p  c l a s s i f i ca t ion  societ ies .  

b .  J u s t i f i c a t i o n .  I n  view of  t h e  s h o r t  s e a s o n  for 
p i p e- l a y i n g  barges i n  t h e  Arctic S e a ,  t h e  p o s s i b i l i t y  o f  
underwate r  we ld ing  ra ther  t h a n  barge w e l d i n g  o f  p i p e  s e c t i o n s  
canno t  be disregarded.  The t echno logy  o f  underwater  we ld ing  
either i n  d r y  hab i t a t  ( h y p e r b a r i c  o r  atmospheric envi ronment)  
o r  t o  a lesser d e g r e e  w e t  we ld ing  is p r o g r e s s i n g ,  and a num- 
ber of s u c c e s s f u l  underwate r  we ld ing  o p e r a t i o n s  were conducted  
i n  t h e  l as t  f e w  y e a r s  (see S e c t i o n  1.D). An a l t e r n a t i v e  t o  a 
welded j o i n t ,  a mechanica l  j o i n t ,  h a s  n o t  proven a l w a y s  r e l i -  
able i n  t h e  pas t .  (Example: There  are s e v e r a l  l e a k i n g  j o i n t s  
i n  r ecen t ly- comple ted  gas p i p e l i n e s  from Ekof i sk  f i e l d  t o  
Emdden.) However problems w i t h  mechanica l  j o i n t s  l a r g e l y  have 
been r e s o l v e d  ( R . J .  Brown and Associates, p r i v a t e  communica- 
t i o n )  and i f  s o ,  t h e y  o f f e r  means for  f a s t  c o n n e c t i o n  opera-  
t i o n  and r e l a t i v e  ease of r e p a i r s .  

DnV r u l e s  p r o v i d e  r e q u i r e m e n t s  and c r i t e r i a  f o r  under-  
water we ld ing  of p i p e  t i e - i n s  (Para.  8 . 7 . 4 ) .  

8. Para. 192.317 P r o t e c t i o n  from Hazards 

a.  Sugges ted  Change. Ice s c o u r i n g  and ice r i d i n g  on- 
s h o r e  s h o u l d  be added t o  t h e  hazards mentioned f o r  o f f s h o r e  
p i p e l i n e s  and  p i p e  risers. 



b .  J u s t i f i c a t i o n .  S e l f- e x p l a n a t o r y  for Arctic o f f -  
s h o r e  p i p e l i n e s  (see S e c t i o n  1I.B). 

9 .  P a r a .  192.319 I n s t a l l a t i o n  of P i p e  i n  a D i t c h  

a.  Sugges ted  Change, Three  changes  i n  t h e  t e x t  o f  t h i s  
pa ragraph  are recommended f o r  Arctic o f f s h o r e  p i p e l i n e s :  

(1) Warning of  t h e  existence o f  o f f s h o r e  a n d / o r  

s h o r e l i n e  p e r m a f r o s t  which,  depending on t h e  gas t e m p e r a t u r e ,  
can l e a d  t o  thaw s u b s i d e n c e  (warm g a s ) ,  o r  f r o s t  heave ( c o l d  
ga s ) .  T h i s  may c a u s e  e i t h e r  s a g g i n g  or  u p l i f t i n g  of  t h e  p i p e  
i n t r o d u c i n g  a d d i t i o n a l  stresses which s h o u l d  b e  t a k e n  i n t o  
accoun t  i n  t h e  p i p e  d e s i g n .  Fur the rmore ,  t h e  s a f e t y  s t a n d a r d  
s h o u l d  i n d i c a t e  a need f o r  r e d u c t i o n  of h e a t  t r a n s f e r  between 
t h e  p i p e  and t h e  s u r r o u n d i n g  medium (by p i p e  i n s u l a t i o n  o r  
o t h e r  m e a n s )  i f  i t  a p p e a r s  t h a t  d u r i n g  t h e  o p e r a t i o n a l  l i f e  of  
a p i p e l i n e  e x c e s s i v e  movement of  t h e  p i p e  may o c c u r .  Trench-  
i n g  o p e r a t i o n s  s h o u l d  c o n s i d e r  t h e  e x i s t e n c e  of  d i s c o n t i n u o u s  

s u b s e a  p e r m a f r o s t ,  and a d e t a i l e d  g e o t e c h n i c  s u r v e y  o f  p ipe-  
l i n e  r o u t e  s h o u l d  b e  r e q u i r e d  t o  e s t a b l i s h  p e r m a f r o s t  l o c a t i o n  
and boundary.  

( 2 )  F l a g g i n g  t h e  need f o r  n e g a t i v e  buoyancy of a 
p i p e  t o  m a i n t a i n  p i p e  s t a b i l i t y  i n  a t r e n c h  under  a l l  condi-  
t i o n s ,  i n c l u d i n g  s a t u r a t e d  s o i l s  p rone  t o  i n s t a b i l i t y  o r  
l i q u e f a c t i o n .  

( 3 )  Sub-paragraph 1 9 2 . 3 1 9 . ~  e i t h e r  s h o u l d  be modi- 
f i e d  o r  r e p l a c e d  by a n o t h e r  a p p l i c a b l e  t o  Arctic o f f s h o r e .  
P r e s e n t l y ,  t h i s  sub- paragraph r e a d s :  " A l l  o f f s h o r e  p i p e  i n  
water a t  leas t  12 f e e t  deep b u t  n o t  more t h a n  200 f e e t  d e e p ,  
as measured from t h e  mean l o w  t i d e ,  must be i n s t a l l e d  so t h a t  
t h e  t o p  of t h e  p i p e  is below t h e  n a t u r a l  bot tom u n l e s s  t h e  
p i p e  is s u p p o r t e d  by s t a n c h i o n s ,  h e l d  i n  p l a c e  by a n c h o r s  or 
heavy c o n c r e t e  c o a t i n g ,  o r  p r o t e c t e d  by a n  e q u i v a l e n t  means." 
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The recommended t e x t  s h o u l d  s t a t e  a r e q u i r e m e n t  t h a t  a t  
water d e p t h s  u p  t o  200 f t  t h e  p ipe  be i n s t a l l e d  so t h a t  t h e  
t o p  of t h e  p i p e  is below t h e  maximum amount of i ce  s c o u r  d e p t h  
expected i n  100 y e a r s  a t  a g i v e n  l o c a t i o n .  If b u r i a l  t o  s u c h  
a d e p t h  i s  n o t  f e a s i b l e ,  t h e n  t h e  p i p e  must  be p r o t e c t e d  by  
o t h e r  means t o  w i t h s t a n d  a n t i c i p a t e d  e x t e r n a l  l o a d s .  P i p e  
emerg ing  o n s h o r e  s h o u l d  be i n s t a l l e d  i n  a manner  as t o  safe-  
g u a r d i n g  i t  a g a i n s t  e r o s i o n ,  s o i l  movement, s o i l  l i q u e f a c t i o n ,  
i ce  o v e r r i d e ,  and  s h o r e l i n e  permafrost d e g r a d a t i o n .  

b .  J u s t  i f  i c a t  i o n .  The r a t  i o n a l e  f o r  c h a n g i n g  t h e s e  
th ree  i t e m s  i s :  

(1) S u b s e a  permafrost  w a s  f o u n d  i n  t h e  B e a u f o r t  S e a  
a t  v a r i o u s  water d e p t h s  ( s e e  S e c t i o n  1 I . C ) .  Some of t h i s  

permafrost  i s  of r e l i c  t y p e ,  b u t  n e a r - s h o r e  o r  bar r ie r  i s l a n d s  
p e r m a f r o s t  is a c o n t i n u a t i o n  of o n s h o r e  f o r m a t i o n .  The sub-  
sea p e r m a f r o s t  is m o s t l y  " s o f t "  w i t h  t h e  t e m p e r a t u r e  c lose  t o  
i ts  m e l t i n g  p o i n t  s i n c e  t h e  s u r r o u n d i n g  sea water t e m p e r a t u r e  
o f  minus  1 . 8 " C  (29°F)  is o n l y  s l i g h t l y  below t h e  f r e s h  water 
f r e e z i n g  p o i n t .  C o n s e q u e n t l y ,  t h e  t h e r m a l  e q u i l i b r i u m  i s  
f i n e l y  b a l a n c e d ,  a n d  a small  amount of heat e x t r a c t i o n  o r  
a d d i t i o n  w i l l  u p s e t  t h i s  a n d  create  a new s e t  of  c o n d i t i o n s  
w h i c h  must  be examined and  compensa t ed  f o r  i n  t h e  p i p e l i n e  
d e s i g n .  I n  g e n e r a l ,  t h e  s u b s e a  permafrost  is d i s c o n t i n u o u s  
and  is  v e r y  much a f u n c t i o n  of l o c a t i o n .  C o n s e q u e n t l y ,  a 
d e t a i l e d  g e o t e c h n i c  s u r v e y  of a p i p e l i n e  r o u t e  before d e s i g n  
and  c o n s t r u c t i o n  are s ta r ted  is  i m p o r t a n t  f o r  p i p e l i n e  s a f e t y  
and  s h o u l d  be a d d r e s s e d  i n  t h e  s a f e t y  s t a n d a r d s .  

L o c a l l y  e n c o u n t e r e d  permaf ros t  a l so  w i l l  h a v e  an  e f fec t  

on t h e  t y p e  of equipment  which c o u l d  be u s e d  f o r  t r e n c h i n g ,  
on  t h e  r a t e  of t r e n c h i n g ,  and  o n  p i p e l i n e - i n s t a l l a t i o n  t i m e .  
O f  t h e  s p e c i f i c a t i o n s  r e v i e w e d  o n l y  t h e  Canadian  S t a n d a r d s  
I n s t i t u t e  (CSA 2184, P a r a .  11 .3 .1  and  1 1 . 4 . 4 . 2 . 2 )  d i s c u s s e s  
problems r e l a t e d  t o  p e r m a f r o s t  d e g r a d a t i o n .  
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The DnV r u l e s  s p e c i f y  t h e  need f o r  g e o t e c h n i c a l  s u r v e y s  
u s i n g  v a r i o u s  i n v e s t i g a t i n g  methods (Para. 2 . 2 5 ) .  

( 2 )  The need fo r  n e g a t i v e  buoyancy t o  e n s u r e  p ipe-  

i n- d i t c h  s t a b i l i t y  i s  e v i d e n t .  I t  becomes p a r t i c u l a r l y  impor- 
t a n t  i n  areas s u b j e c t  t o  s l o p e  i n s t a b i l i t y ,  soil-mass movements, 
or s o i l  l i q u e f a c t i o n .  The Dravo Van Houten Repor t  ( p .  4-84) 

emphasizes t h e  s o i l  movement i n  t h e  s u r f  zone and t h e  need t o  
address t h i s  problem i n  t h e  s a f e t y  s t a n d a r d s .  

The  DnV r u l e s  address i n  d e t a i l  t h e  p rob lem.of  on-bottom 
s t a b i l i t y  and n e g a t i v e  buoyancy under  v a r i o u s  f o r c e s  a c t i n g  
on t h e  p ipe  (Para .  4 . 2 . 6 ) .  

( 3 )  Ice is a major  hazard t o  an o f f s h o r e  s y s t e m  i n  
t h e  Arctic Sea as  d i s c u s s e d  i n  S e c t i o n  1 I . B  o f  t h i s  r e p o r t .  
If t h e  p i p e  is i n s t a l l e d  from t h e  ice s u r f a c e ,  ice movement 
is c r i t i c a l .  For  p i p e- l a y i n g  i n  a t r e n c h ,  s c o u r i n g  of t h e  
sea bottom by f l o a t i n g  mass ive  ice b l o c k s  is a hazard t o  
approx imate ly  6 0 m  (200 f t )  water depth.  Some da ta  on t h e  
dep th  of s c o u r  and s c o u r  f r equency  were g iven  i n  S e c t i o n  1 I . B .  
Ice a l s o  may be d r i v e n  o n s h o r e  o v e r r i d i n g  any  nea r- shore  
i n s t a l l a t i o n s  as t h e  r e s u l t  o f  a s t o r m .  Consequen t ly ,  t h e  

de s ign  o f  a p i p e l i n e  c r o s s i n g  a s h o r e l i n e  must r e c e i v e  p r o p e r  
a t t e n t i o n .  T h i s  s h o u l d  be mentioned i n  t h e  s a f e t y  s t a n d a r d s .  

10. Para,  192.327 Cover 

a .  Sugges ted  Change. The p i p e  s h o u l d  be covered  ( a f t e r  
i n s t a l l a t i o n  i n  a t r e n c h )  i n  a l l  areas where t h e  s u r c h a r g e  
w e i g h t  s t a b i l i z e s  t h e  p i p e  where wave and c u r r e n t  a c t i o n  is 
i n t e n s i v e  such  as i n  t h e  s u r f  z o n e ,  a n d / o r  where damage by 
t h e  i n v a d i n g  ice is v e r y  l i k e l y ,  such  as on t h e  beach area. 

I n  o t h e r  l o c a t i o n s  t h e  need f o r  p ipe  c o v e r  would depend 
on t h e  e v a l u a t i o n  o f  wave and c u r r e n t  f o r c e s ,  and t h e  possi-  
b i l i t y  of p i p e  damage by barges a n d  f i s h i n g  b o a t  anchors .  The  
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d e p t h  o f  t h e  c o v e r  would be v a r i a b l e ,  and s h o u l d  b e  s u f f i c i e n t  
t o  a v o i d  t h e  h a z a r d  of ice s c o u r  a l r e a d y  d i s c u s s e d  under  i t e m  
9 .  

b .  J u s t i f i c a t i o n .  The purpose  of t h e  c o v e r  is  t o  pro-  
tec t  t h e  p i p e  from e x t e r n a l  forces and ,  i n  some i n s t a n c e s ,  t o  
c o n t r o l  p i p e  overbend caused by thermal  e x p a n s i o n .  There  may 

b e  l o c a t i o n s  i n  t h e  Arctic Ocean where t h e  e x t e r n a l  f o r c e s  
a c t i n g  on a p i p e  p l a c e d  i n  a t r e n c h  a re  n e g l i g i b l e  and where 
danger  of p i p e  overbend is smal l .  Consequen t ly ,  i n  such  l o c a-  
t i o n s  p i p e  cover  migh t  n o t  be r e q u i r e d .  On t h e  o t h e r  hand,  
there are areas such as s u r f  zone ,  r i v e r  d e l t a s ,  and beach 
approaches  whe re  t h e  p i p e  s h o u l d  be covered  w i t h  a s u i t a b l e  
s o i l  t o  p r e v e n t  i ts  movement and exposure  t o  e x t e r n a l  f o r c e s .  
There  is  also t h e  c o n s i d e r a t i o n  o f  seabed  s o i l  t y p e .  I n  t h e  

B e a u f o r t  S e a ,  f o r  example,  s o i l  c o n s i s t s  mainly  o f  f i n e  s i l t  
or s i l t y  s a n d s  i n  t h e  t o p  5 t o  10m (16  t o  33 f t )  which c o u l d  
o f f e r  i n a d e q u a t e  p r o t e c t i o n  as a c o v e r  (see S e c t i o n  I I . C . 1 ) .  
F i n a l l y ,  a n a t u r a l  b a c k f i l l  p r o c e s s  due t o  waves ,  s t o r m  t i d e s ,  
and c u r r e n t s  s h o u l d  be c o n s i d e r e d  as a long- term method of  
p i p e  c o v e r .  Thus,  s a f e t y  s t a n d a r d s  s h o u l d  r e q u i r e  c o v e r i n g  
i n  c r i t i c a l  a r e a s ,  b u t  a l l o w  t h e  p i p e  owner t o  pe r fo rm an 
a n a l y s i s  t o  show whether  t h e  p i p e  s h o u l d  or s h o u l d  n o t  b e  
covered  i n  o t h e r  l o c a t i o n s .  

The  API p r a c t i c e  ( P a r a .  500.8.3) and IOP ( P a r a .  1 1 . 5 . 7 . 2 )  
are  a s i m i l a r  approach t o  t h e  c o v e r  problem. 

' T h e  t h i c k n e s s  o f  t h e  c o v e r  (be tween  t h e  t o p  of t h e  p i p e  
and t h e  sea bot tom) must e n s u r e  t h a t  t h e  p i p e  i s  n o t  damaged 
by long- term ice s c o u r ,  by  ice  o v e r r i d i n g  a beach area c r o s s e d  
by  a p i p e ,  from exposure  by  t h e r m a l  expans ion  or by s o i l  move- 
ment i n  t h e  s u r f  zone .  The  problem of  ice s c o u r  also w a s  men- 
t i o n e d  i n  t h e  Dravo Van Houten Report  ( p .  4- 49) .  S i n c e  any 
one  of these h a z a r d s  is  a s t r o n g  f u n c t i o n  o f  loca t ion ,  i t  is 
c o n s i d e r e d  preferable n o t  t o  s p e c i f y  f i x e d  v a l u e s  i n  t h e  
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s t a n d a r d s .  R a t h e r ,  t h e  p i p e l i n e  d e s i g n e r  s h o u l d  b e  r e q u e s t e d  

t o  s u p p l y  d a t a  p r o v i n g  t h a t  t h e  s e l e c t e d  d e p t h  o f  t r e n c h  and 
c o v e r  t h i c k n e s s  is  a d e q u a t e  and s a f e .  

11. P a r a ,  192.455 E x t e r n a l  C o r r o s i o n  C o n t r o l  

a .  Sugges ted  Change. Externa l  p r o t e c t i v e  c o a t i n g s  and 
c a t h o d i c  p r o t e c t i o n  s h o u l d  b e  p r o v i d e d  f o r  a l l  o f f s h o r e  p i p e s  
i n  t h e  Arctic Sea .  E x c e p t i o n s  t o  t h a t  r equ i rement  l i s t e d  i n  
i t e m s  ( b ) ,  ( c ) ,  and ( f )  of  t h i s  p a r a g r a p h  s h o u l d  n o t  app ly  t o  
Arctic o f f s h o r e  p i p e l i n e s .  

b .  J u s t i f i c a t i o n .  The environment  o f  Arctic o f f s h o r e  

p i p e l i n e s  ( i . e . ,  c o r r o s i o n  and t h e  d i f f i c u l t y  of i n s p e c t i o n  
of b u r i e d  p i p e s )  d i c t a t e s  t h e  a p p l i c a t i o n  o f  t h e  b e s t  a n t i -  
c o r r o s i o n  t echno logy  a v a i l a b l e .  The p i p e l i n e  f a i l u r e  a n a l y s i s  
performed i n  S e c t i o n  I11 of  t h i s  r e p o r t  i d e n t i f i e s  c o r r o s i o n  
as t h e  most f r e q u e n t  c a u s e  of f a i l u r e .  

The Dravo Van Houten r e p o r t  stresses t h e  impor tance  of 
e x t e r n a l  c o a t i n g s  f o r  submerged p i p e s  ( p .  4-141 t o  4-143),  

and q u o t e s  a p p r o p r i a t e  p a r a g r a p h s  of API, DnV and IOP r e g u l a-  
t i o n s  a l l  of  which s p e c i f y  e x t e r n a l  a n t i - c o r r o s i o n  c o a t i n g s  

f o r  submerged p i p e s .  

1 2 .  P a r a .  192.503 Genera l  Requirements  ( P r e s s u r e  T e s t )  

a .  Sugges ted  Change. The p r e s e n t  s a f e t y  s t a n d a r d s  do  
n o t  s p e c i f y  t h a t  t h e  p r e s s u r e  t es t  b e  done a f t e r  i n s t a l l a t i o n  
o f  a p i p e .  Such a requ i rement  i s  n e c e s s a r y  and s h o u l d  b e  
i n c l u d e d  i n  t h e  s t a n d a r d s .  Fur the rmore ,  i f  a p i p e l i n e  is t o  
be c o v e r e d ,  a p r e s s u r e  t es t  w i t h  u n b u r i e d  p i p e  i n  a t r e n c h  
c o u l d  be f o l l o w e d  by a s imi la r  t es t  a f t e r  t h e  t r e n c h  is  f i l l e d ,  

i f  t h e r e  i s  a p o s s i b i l i t y  o f  p r e s s u r e- c a u s e d  l e a k a g e  o r  p i p e  
damage d u r i n g  t h e  c o v e r i n g  p r o c e s s .  
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The s a f e t y  s t a n d a r d s  a l low t h e  t e s t  medium t o  be l i q u i d ,  
a i r ,  n a t u r a l  g a s  o r  i n e r t  g a s  ( P a r a .  1 9 2 . 5 0 3 b ) .  I t  is  recom- 
mended t h a t  o n l y  water ,  w i t h  a f r e e z i n g  p o i n t  d e p r e s s a n t ,  be 

used i n  t h e  p r e s s u r e  t e s t i n g  o f  Arct ic  o f f s h o r e  p i p e l i n e s .  
A l i q u i d  is p r e p a r e d ,  i n s t e a d  o f  a i r  o r  n a t u r a l  g a s ,  b e c a u s e  
i t  i s  n o t  c o m p r e s s i b l e  and would t e n d  t o  more f u l l y  stress t h e  
p i p e l i n e  t o  p r o v e  i ts  i n t e g r i t y .  Due t o  t h e  Arct ic  sea c o n d i-  
t i o n s  i t  may n o t  be p o s s i b l e  t o  g a i n  access t o  t h e  p i p e l i n e  

f o r  l o n g  t i m e  p e r i o d s  if repa i r s  are needed .  T h e r e f o r e ,  p r o o f  

tests of t h e  i n i t i a l  i n t e g r i t y  s h o u l d  b e  emphas i zed .  

The p r e s e n t  s a f e t y  s t a n d a r d s  s p e c i f y  m a i n t e n a n c e  of t h e  

t e s t  p r e s s u r e  f o r  a t  leas t  e i g h t  h o u r s .  I t  is recommended 

t h a t  t h i s  t i m e  be i n c r e a s e d  t o  24 h o u r s  f o r  i n s t a l l e d  p i p e -  
l i n e s  u n l e s s  t h e  o p e r a t o r  can  show t h a t  p r e s s u r e  s t a b i l i z a t i o n ,  
c o n s i d e r i n g  t e m p e r a t u r e  e f f e c t s  and a c o m p l e t e  i n s p e c t i o n ,  c a n  
be done  i n  s h o r t e r  t i m e .  However, t h e  tes t  p e r i o d  s h o u l d  n o t  
b e  less t h a n  e i g h t . h o u r s .  A t  l eas t  24 h o u r s  are  needed  t o  
s t a b i l i z e  t h e  t e m p e r a t u r e  stresses a n d  t o  detect  s h i f t i n g .  

b .  J u s t i f i c a t i o n .  C o n s i d e r i n g  t h e  d i f f i c u l t y  c o n n e c t e d  
w i t h  repairs  o f  s u b m a r i n e  p i p e l i n e s  i n  t h e  Arctic S e a ,  e v e r y  
r e a s o n a b l e  e f f o r t  s h o u l d  b e  made t o  a s s u r e  p i p e  i n t e g r i t y  be- 

f o r e  t h e  p i p e l i n e  becomes o p e r a t i o n a l .  P r e s s u r e  t e s t i n g  a f t e r  
p l acemen t  o f  a p i p e l i n e  i n  a t r e n c h  would p r o v i d e  a s s u r a n c e  
t h a t  no damage o c c u r r e d  d u r i n g  t h e  p i p e - l a y i n g  o p e r a t i o n .  

P r e s s u r e  t e s t i n g  a f t e r  t h e  t r e n c h  i s  f i l l e d  would p r o v i d e  
a s s u r a n c e  t h a t  no damage r e s u l t e d  f rom t h e  c o v e r i n g  p r o c e s s  

( s e e  S e c t i o n  1 V . B ) .  

The API p r a c t i c e s  s p e c i f y  p r e s s u r e  t e s t i n g  a f t e r  i n s t a l l a -  
t i o n  ( P a r a .  6 0 1 . 3 . 1 . b )  w i t h  t h e  d u r a t i o n  t o  be n o t  less  t h a n  
e i g h t  h o u r s  ( P a r a .  6 0 1 . 4 . l . c ) .  

I O P  Code s p e c i f i e s  p r e s s u r e  t e s t i n g  o f  comple t ed  p i p e-  
l i n e  i n  e a c h  comple t ed  s e c t i o n  w i t h  a d u r a t i o n  of  24 h o u r s  
( P a r a .  6 . 4 ) .  



DnV r u l e s  s p e c i f y  h y d r o t e s t i n g  a f t e r  i n s t a l l a t i o n  ( P a r a .  
8 . 8 . 4 )  w i t h  p r e s s u r i z e d  t i m e  of  24 h o u r s  a f t e r  p r e s s u r e  
s t a b i l i z a t i o n  ( P a r a .  8 . 8 . 4 . 3 ) .  

CSA S t a n d a r d s  r e q u i r e  p r e s s u r e  t e s t i n g  a f t e r  c o n s t r u c-  
t i o n  and b e f o r e  b e i n g  p l a c e d  i n  o p e r a t i o n  and ,  f o r  a l l  b u r i e d  
p i p e l i n e s ,  t h e  p r e s s u r i z e d  t i m e  is s p e c i f i e d  a minimum o f  24 
h o u r s  a f t e r  s t a b i l i z a t i o n  ( P a r a .  6 . 4 . 8 . 1 . 1 ) .  

The r e q u i r e m e n t  f o r  24 h o u r s  p r e s s u r i z e d  t i m e  a p p e a r s  
n e c e s s a r y  t o  a l l o w  f o r  compensat ion of  any  t e m p e r a t u r e  e f fec t  

and t o  p r o v i d e  s u f f i c i e n t  t i m e  f o r  underwater  p i p e  i n s p e c t i o n .  

The r equ i rement  f o r  l i q u i d  r a t h e r  t h a n  gas a s  a t e s t  
medium is d i c t a t e d  b y  p o t e n t i a l l y  l a r g e  t e m p e r a t u r e  d i f f e r e n c e s  
be tween  a i r  and sea water i n  t h e  Arct ic  which ,  w i t h  a compres- 
s i b l e  medium, would r e s u l t  i n  l a r g e  p r e s s u r e  v a r i a t i o n s  and 
would r e q u i r e  a l o n g  t i m e  f o r  p r e s s u r e  s t a b i l i z a t i o n .  

1 3 .  P a r a .  192.705 Transmiss ion  L i n e s :  P a t r o l l i n g  

a .  Sugges ted  Changes. T h i s  pa ragraph  was w r i t t e n  i n  
t h e  e x i s t i n g  s t a n d a r d s  f o r  o n s h o r e  p i p e l i n e s .  For Arctic 
o f f s h o r e  p i p e l i n e s  p a t r o l l i n g  would c o n s i s t  o f  a e r i a l  i n s p e c-  
t i o n s  d u r i n g  t h e  w i n t e r  p e r i o d  (Oc tober  - J u n e ) ,  a t  l eas t  one 
underwate r  i n s p e c t i o n  between i c e  break- up and f r e e z e- u p ,  and 
s p e c i a l  i n s p e c t i o n s  f o l l o w i n g  unusua l  o p e r a t i o n a l  o r  e n v i r o n-  
menta l  e v e n t s .  

b .  J u s t i f i c a t i o n .  Dur ing w i n t e r  months,  when t h e  water 
s u r f a c e  i s  covered  b y  i ce ,  l i t t l e  can be seen on t h e  ice  s u r -  
f a c e  u n l e s s  a major  gas e r u p t i o n  b r e a k s  up t h e  ice .  O c c a s i o n a l  
a e r i a l  o v e r f l y  o f f e r s  t h e  o n l y  means of  p a t r o l l i n g  a p i p e l i n e  
d u r i n g  t h a t  p e r i o d .  

I n  t h e  summer months,  a f t e r  t h e  water s u r f a c e  is  ice  
f ree ,  underwater  i n s p e c t i o n s  by manned o r  unmanned s u b m e r s i b l e s  
s h o u l d  p r o v i d e  good i n f o r m a t i o n  on t h e  p i p e l i n e  h e a l t h .  
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14 .  Items Not Addressed i n  D e t a i l  i n  Chap te r  192 S a f e t y  
St a n  d a r d s  

a .  Weight C o a t i n g  

(1) Sugges ted  Change. Weight c o a t i n g ,  which w i l l  
have  t o  b e  produced i n  t h e  o f f s h o r e  Arctic,  is mentioned o n l y  

b r i e f l y  i n  1 9 2 . 3 1 9 ( c ) .  I t  is  recommended t h a t  a p a r a g r a p h  b e  
added i n  t h e  s u b p a r t  C ( P i p e  Design)  s e t t i n g  c r i t e r i a  f o r  
weight  c o a t i n g  d e s i g n  s imi la r  t o  t h o s e  f o r  p r o t e c t i v e  c o a t i n g s  
i n  192 .461 .  

( 2 )  J u s t i f i c a t i o n .  T h i s  i t e m  w a s  b rough t  up i n  t h e  
Dravo Van Houten Report  ( p .  4- 74).  I t  is t o  be n o t e d  t h a t  DnV 

r u l e s  d i s c u s s  s t r e n g t h  o f  we igh t  c o a t i n g  ( P a r a .  4 . 2 . 5 )  and 

we igh t  c o a t i n g  d e s i g n  c r i t e r i a  ( P a r a .  6 . 7 ) .  

The u se  o f  weight  c o a t i n g s  f o r  Arctic o f f s h o r e  p i p e l i n e s  
t o  m a i n t a i n  n e g a t i v e  buoyancy p robab ly  would b e  p r e f e r r e d  o v e r  
any o t h e r  d e v i c e s  because  o f  h i g h  e x p e c t e d  r e l i a b i l i t y ,  Con- 
s e q u e n t l y ,  g u i d e l i n e s  f o r  such c o a t i n g s  i n  s a f e t y  s t a n d a r d s  

would be d e s i r a b l e  ( see  S e c t i o n  V.C.4). 

b .  I n s u l a t i o n  Coating: 

(1) Sugges ted  Change. I n s u l a t i o n  c o a t i n g  may be  
r e q u i r e d  on c e r t a i n  s e c t i o n s  o f  t h e  Arctic o f f s h o r e  p i p e l i n e .  
C r i t e r i a  f o r  such  c o a t i n g  s h o u l d  be  p r o v i d e d  i n  t h e  s a f e t y  
s t a n d a r d s  s imi l a r  t o  t h o s e  g iven  f o r  a n t i - c o r r o s i o n  c o a t i n g  
i n  P a r a .  192.461.  

( 2 )  J u s t i f i c a t i o n .  The p e r m a f r o s t  problem w a s  
d i s c u s s e d  a l r e a d y  under  i t e m  9 of t h i s  s e c t i o n .  P e r m a f r o s t  
may b e  d i s c o n t i n u o u s  i n  deeper  waters and c o n t i n u o u s  near 
s u r f a c e  c l o s e  t o  t h e  s h o r e l i n e .  To p r e v e n t  d e g r a d a t i o n  of  
t h e  p e r m a f r o s t  i n  cases where i t  would a f f e c t  p i p e l i n e  i n t e g-  
r i t y ,  c o n t r o l  of h e a t  t r a n s f e r  between t h e  p i p e  and i ts  s u r -  
round ings  would b e  r e q u i r e d .  P i p e  i n s u l a t i o n  is one such  means. 
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c .  Communications 

(1) Sugges ted  Change. T h i s  v e r y  impor tan t  a s p e c t  

of  Arct ic  o f f s h o r e  p i p e l i n e  o p e r a t i o n  s h o u l d  b e  d i s c u s s e d  i n  
t h e  s a f e t y  s t a n d a r d s ,  and a communication sys tem w i t h  redun-  
dancy s h o u l d  b e  c o n s i d e r e d .  

( 2 )  J u s t i f i c a t i o n .  Rel iable  communication sys tems 
between o f f s h o r e  and o n s h o r e  and c o n t r o l  s i g n a l  t r a n s m i s s i o n s  
t o  r emote ly  o p e r a t e d  v a l v e s  and compressor  s t a t i o n s  are c r i t i -  
c a l  f e a t u r e s  o f  Arctic o f f s h o r e  p i p e l i n e  o p e r a t i o n .  T h i s  w a s  
b rough t  up i n  t h e  Dravo Van Houten Report  ( p .  4-249) and i t  is 
even more i m p o r t a n t  i n  remote  Arct ic  l o c a t i o n s .  

The s a f e t y  s t a n d a r d s  f o r  l i q u i d  p i p e l i n e s  a d d r e s s e d  t h e  

need f o r  communications and t h e  r e q u i r e m e n t s  were a m p l i f i e d  
i n  t h e  1979 amendment o f  P a r a .  195.408.  

IOP code  s t r e s s e d  a need f o r  a n  adequa te  communication 

s y s t e m  ( P a r a .  9 . 1 ) .  The need f o r  communication s y s t e m s  a l s o  
w a s  d i s c u s s e d  i n  S e c t i o n  1 V . G  of t h i s  r e p o r t .  

B .  RECOMMENDATIONS FOR PART 195 ( L I Q U I D  PIPELINES) 

1. Subpar t  B - Accident  R e p o r t i n g  - P a r a .  195.50 

a .  Sugges ted  Change. P r e s e n t  t e x t  o f  t h i s  pa ragraph  
is focused  on harm t o  p e r s o n n e l  and on p r o p e r t y  damage o f  a t  
l eas t  $1 ,000.  For  t h e  Arct ic  o f f s h o r e ,  i n  a d d i t i o n  t o  pe r-  

s o n n e l  h a z a r d s ,  an assessment shou ld  be made of  t h e  e s t i m a t e d  
impact  of t h e  a c c i d e n t  on Arct ic  mar ine / te r res t r ia l  l i f e .  
Requirements  f o r  such  assessment  s h a l l  b e  p a r t  of  a c c i d e n t  
r e p o r t i n g .  A s  an  a l t e r n a t i v e ,  1 9 5 . 5 0 ( b )  s h o u l d  be  changed t o  
r e q u i r e  r e p o r t s  of l o s s  of 6 . 3  b a r r e l s  (1 c u b i c  meter) o r  more 
o f  l i q u i d  f o r  Arct ic  waters.  

b .  J u s t i f i c a t i o n .  The impact  o f  o i l  s p i l l s  on t h e  Arct ic  
environment  w a s  d i s c u s s e d  i n  S e c t i o n  I V . J . l .  F r a g i l i t y  of  
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Arctic b i o t a ,  a long  r e c u p e r a t i v e  p e r i o d ,  and poss ible  d i f f i -  
c u l t i e s  associated w i t h  an o i l  s p i l l ,  make an e a r l y  assessment 
of environmental  impact p a r t i c u l a r l y  impor tan t .  The r e v i s i o n  
i n  1979 t o  Para. 195.402 covers  adequa te ly  t h e  requirements  
l e v i e d  on an o p e r a t o r  i n  case of an  emergency. However, it 
does  no t  r e f e r  t o  any environmental  impact assessment except  
f o r  Para .  195 .52 .a .4  which r e q u i r e s  acc iden t  r e p o r t i n g  t h a t  
r e s u l t e d  i n  water p o l l u t i o n ,  v i o l a t i n g  a p p l i c a b l e  water q u a l i t y  
s t anda rds .  

I n  t h e  Arctic waters,  and p a r t i c u l a r l y  i n  t h e  nearshore  
areas where f u t u r e  o i l / g a s  e x p l o r a t i o n  can take place, any  
marginal  o i l  s p i l l  w i l l  have some impact which r e q u i r e s  assess- 
men t .  Thus, a requirement for an o i l  s p i l l  c o n t r o l  and con- 
t i n g e n c y  p l an  i n  t h e  s a f e t y  s t anda rds  may be desi rable .  

2. Para. 195.102 - Design  Temperatures 

a .  Suggested Change. The  effect  of low tempera tures  on 
t h e  p i p e l i n e  and i ts  components should be stressed i n  t h e  
s a f e t y  s t a n d a r d s .  A requirement should  be added i n  t h e  s t a n -  
da rds  f o r  material f r a c t u r e  toughness a t  t h e  lowest  temperature  
t o  wh ich  t h e  p i p e  and components w i l l  be exposed. 

S i n c e  t h e  o i l  is u s u a l l y  w a r m  or hea ted ,  maximum, m i n i-  
mum and  d i f f e r e n t i a l  p ipe  tempera tures  ( t h a t  i s ,  d i f f e r e n c e s  
i n  t empera tures  of v a r i o u s  p ipe  sec t ions )  should  be considered 
i n  t h e  p i p e l i n e  des ign .  T h i s  should be mentioned i n  t h i s  
paragraph (see Sec t ion  VI.A.4). 

b .  J u s t i f i c a t i o n .  The need fo r  low- temperature proper-  
t i e s  of Arctic o f f s h o r e  p i p e l i n e  materials  already w a s  d i s-  

cussed f o r  gas p i p e l i n e s  under Para .  B . 2 .  The arguments pre- 
s e n t e d  there apply  a l s o  t o  o i l  p i p e l i n e s .  

For materials exposed t o  low t empera tu re s ,  t h e  Charpy V 
notch t e s t  could  be used t o  i n d i c a t e  loss  of d u c t i l i t y ;  b u t  
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o t h e r  d a t a  such  as  Drop Weight Tempera ture  T e s t  (DWTT), N i l  

D u c t i l i t y  T r a n s i t i o n  (NDT), c r i t i c a l  stress i n t e n s i t y  ( K I c ) ,  
c r i t i c a l  c r a c k  open ing  d i sp lacement  (COD) ( u s e d  by Alyeska)  
s h o u l d  b e  c o n s i d e r e d  i n  s e l e c t i o n  of  s u i t a b l e  materials  f o r  
Arct ic  o f f s h o r e  p i p e l i n e s .  P i p e  stress d u r i n g  t r a n s p o r t a t i o n  
and i n s t a l l a t i o n  s h o u l d  be l i m i t e d  t o  a l e v e l  s a f e  enough t o  
p r e v e n t  p i p e  damage under  t h e  lowes t  t e m p e r a t u r e s  encoun te red  
(see S e c t i o n  1 V . A ) .  Approaches o f  t h i s  t y p e  are under  s t u d y  

as  r e p o r t e d  i n  1976 ASM I n t e r n a t i o n a l  Conference  p r o c e e d i n g s  
( e d i t e d  bjr M.B. I v e s ) ,  and a t  t h e  1979 S i x t h  Symposium on L i n e  
P i p e  Research ( A G A )  l i s t e d  i n  t h e  r e f e r e n c e s .  

API i n  t h e  RP-1111 i n  P a r a .  200 .3  of p r a c t i c e s  c a u t i o n s  

d e s i g n e r s  abou t  t h e  need t o  c o n s i d e r  low t e m p e r a t u r e  p roper-  
t i e s  of  mate r ia l s ,  and so does  ANSI B31-4 i n  P a r a .  401 .3 .  

DnV s p e c i f i e d  Charpy V n o t c h  toughness  tes t  ( P a r a .  

5 . 2 . 3 . 6 )  f o r  p i p e l i n e  materials  and d e f i n e s  v a l u e s  of energy 
a b s o r p t i o n  as a f u n c t i o n  o f  s p e c i f i e d  minimum y i e l d  s t r e n g t h  
(SMYS)  a t  t e m p e r a t u r e s  r e l a t e d  t o  t h e  minimum d e s i g n  tempera-  
t u r e .  

3 .  P a r a .  195.110 - E x t e r n a l  Loads 

a .  Sugges ted  Change. T h i s  pa ragraph  i n  i ts  p r e s e n t  

form d e a l s  w i t h  two s u b j e c t s :  e x t e r n a l  l o a d s ,  and t h e  need 
f o r  f l e x i b i l i t y  i n  p i p e l i n e  sys tems  by r e f e r e n c e  t o  ANSI 
B31.4. 

I t  is recommended t h a t  t h e  e x t e r n a l  l o a d s  pa ragraph  be  

a m p l i f i e d  ( a s  d i s c u s s e d  f o r  gas p i p e l i n e s  under  i t e m  A . 3 )  t o  
i n c l u d e  a warning of p o t e n t i a l  p e r m a f r o s t  h a z a r d s ,  t o  c o n s i d e r  
ice  s c o u r i n g  problems,  and t o  i n c l u d e  e f f e c t s  of  s o i l  movement 
and beach e r o s i o n .  A s  i n  t h e  case o f  t h e  gas p i p e l i n e  s a f e t y  
s t a n d a r d  ( P a r a .  1 9 2 . 1 5 9 ) ,  i t  a l s o  is recommended t h a t  p i p e l i n e  
f l e x i b i l i t y  be  d i s c u s s e d  i n  a s e p a r a t e  s u b p a r a g r a p h .  

6-19 



S i n c e  t h e  e x t e r n a l  l o a d s  a n d  f l e x i b i l i t y  r e q u i r e m e n t s  
are s imi la r  f o r  t h e  t w o  t y p e s  of p i p e l i n e s ,  gas and  o i l ,  i t  
would be des i rab le  t h a t  s a f e t y  s t a n d a r d s  f o r  t h e  t w o  s y s t e m s  
be c o n s i s t e n t  and  s i m i l a r .  

b .  J u s t i f i c a t i o n .  J u s t i f i c a t i o n  f o r  t h e  recommended 
c h a n g e s  is  s im i l a r  t o  t h a t  p r e s e n t e d  u n d e r  items A . 3  and A . 4  

i n  S e c t i o n  V I  f o r  g a s  p i p e l i n e s .  

The o i l  p i p e l i n e  d i f f e r s  f r o m  t h e  g a s  t r a n s p o r t i n g  l i n e  
i n  t h a t  t h e  o i l  w i l l  be  e i t h e r  w a r m  o r  h e a t e d  t o  keep i t s  
lowest t e m p e r a t u r e  above  t h e  p o u r  p o i n t .  C o n s e q u e n t l y ,  an 
e x p a n s i o n  of t h e  p i p e  a f t e r  i t s  i n s t a l l a t i o n  i s  i n e v i t a b l e ,  
a n d  s h o u l d  be compensa t ed .  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  
f o r  b u r i e d  p i p e s  c o n s t r a i n e d  i n  a t r e n c h  b y  t h e  s t i f f n e s s  of 
t h e  s o i l .  C a l c u l a t i o n  o f  t h e r m a l  stresses a d d i t i v e  t o  hoop 
stresses ( c a u s e d  by i n t e r n a l  p r e s s u r e )  may d i c t a t e  an i n c r e a s e  
i n  t h e  p ipe  w a l l  d e s i g n  t h i c k n e s s .  

The a p p r o a c h  t a k e n  i n  o ther  r e g u l a t i o n s  a l r e a d y  h a s  been  
d i s c u s s e d  f o r  t h e  gas p i p e l i n e s  s y s t e m  u n d e r  i t e m s  A . 3  and  A . 4  

i n  S e c t i o n  V I  and  i n  more d e t a i l  i n  S e c t i o n  V. 

I n  a d d i t i o n  t o  t h o s e ,  t h e  C S A  s t a n d a r d  2183 s p e c i f i e s  
methods of thermal  stress c a l c u l a t i o n s  f o r  r e s t r a i n e d  and  non- 
r e s t r a i n e d  p i p e s  ( P a r a .  3 . 5 . 1 . 3 . 4 )  i n  a manner s i m i l a r  t o  t h a t  
shown i n  ANSI B31.4 .  

4 .  P a r a .  1 9 5 . 2 1 4  Welding G e n e r a l  

a.  Suggested. I t  is recommended t h a t  u n d e r w a t e r  
w e l d i n g  be allowed i n  t h e  s a f e t y  s t a n d a r d s  and  t h a t  r e q u i r e -  
men t s  be set f o r  a p p r o v a l  o f  s u c h  w e l d s  f o r  t i e - i n s  and  fo r  
p i p e  r e p a i r s  (see S e c t i o n  VI.A.7). 

b. J u s t i f i c a t i o n .  S i m i l a r  t o  t h a t  p r e s e n t e d  f o r  g a s  
p i p e l i n e s  i n  S e c t i o n  V I . A . 7 .  
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5.  P a r a .  195.242 Ca thod ic  P r o t e c t i o n  Svstem 

a .  Sugges ted  Change. P r e s e n t l y ,  t h e  s a f e t y  s t a n d a r d s  
( P a r a .  195 .242 .b )  a l l o w  f o r  i n s t a l l a t i o n  o f  a c a t h o d i c  pro-  

t e c t i o n  sys tem w i t h i n  one  y e a r  a f t e r  comple t ion  of c o n s t r u c-  
t i o n .  I t  is recommended t h a t  t h i s  b e  amended so  t h a t  a p p l i -  
c a t i o n  of  c a t h o d i c  p r o t e c t i o n  commences immedia te ly  f o l l o w i n g  
c o n s t r u c t i o n  o f  each p a r t  o f  a p i p e l i n e  s y s t e m  and t h e  p ipe-  
l i n e  p r o t e c t e d  i n  i ts  e n t i r e t y  w i t h i n  o n e  y e a r  a f t e r  c o n s t r u c-  
t i o n .  

b .  J u s t i f i c a t i o n .  C o n s t r u c t i o n  o f  a p i p e l i n e  i n  t h e  

Arctic o f f s h o r e  may t a k e  more t h a n  one  s e a s o n  because  of  t h e  
s h o r t  p e r i o d  o f  t i m e  a v a i l a b l e  w i t h  summer c o n s t r u c t i o n .  That  
would mean t h a t  a p a r t  o f  t h e  p i p e  c o u l d  b e  submerged f o r  up 
t o  t h r e e  years b e f o r e  c a t h o d i c  p r o t e c t i o n  is  i n s t a l l e d .  Even 
i f  a p i p e l i n e  is b u i l t  d u r i n g  one  s e a s o n  ( w i n t e r  c o n s t r u c t i o n )  
t h e  s a f e t y  s t a n d a r d s  now a l l o w  one year b e f o r e  a submerged 
p i p e  is c a t h o d i c a l l y  p r o t e c t e d .  

C o n s i d e r i n g  t h e  d i f f i c u l t y  o f  c o r r o s i o n- m o n i t o r i n g  i n  

t h e  Arctic S e a s  and o f  i n s p e c t i n g  t h e  p r o t e c t i v e  c o a t i n g  f o r  
f l a w s  it would b e  p r u d e n t  t o  r e q u i r e  i n s t a l l a t i o n  o f  c a t h o d i c  
p r o t e c t i o n  d u r i n g  o r  immedia te ly  f o l l o w i n g  t h e  p i p e l i n e  con- 
s t r u c t i o n .  

The Dravo Van Houten r e p o r t  a d d r e s s e d  t h e  s u b j e c t  of 

c a t h o d i c  p r o t e c t i o n  ( p .  4-145 t o  4-147) and q u o t e s  API, IOP 
and DnV r e g u l a t i o n s  which s p e c i f y  t h e  requ i rement  w i t h o u t  any 
d e f i n e d  t i m e  d e l a y .  The T i t l e  4 9 ,  P a r t  1 9 2 ,  G a s  P i p e l i n e  
S a f e t y  S t a n d a r d s  ( P a r a .  192.463)  do n o t  s p e c i f y  any d e l a y  t i m e  
i n  c a t h o d i c  p r o t e c t i o n  i n s t a l l a t i o n .  

On t h e  o t h e r  hand t h e  CSA 2-183-1977 ( P a r a .  1 0 . 2 . 4 . 2 )  
s t a t e d  t h a t  " t h e  a p p l i c a t i o n  of  c a t h o d i c  p r o t e c t i o n  s h a l l  
commence as soon as p r a c t i c a b l e  a f t e r  i n s t a l l a t i o n  of t h e  new 
p i p e l i n e  and s h a l l  be completed w i t h i n  two ( 2 )  yea r s . "  
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6. P a r a .  195.246 I n s t a l l a t i o n  of P i p e  i n  a D i t c h  

a.  Sugges ted  Change. The wording o f  t h i s  p a r a g r a p h  is 
s imi la r  t o  t h a t  of t h e  gas p i p e l i n e  ( P a r a .  1 9 2 . 3 1 9 . b . c ) ,  and 
recommendations made f o r  t h e  g a s  p i p e l i n e  s t a n d a r d  (see S e c t i o n  
VI.A.9)  a p p l y .  

Thus,  s a f e t y  s t a n d a r d s  s h o u l d  r e q u i r e  c o n s i d e r a t i o n  o f  
s u b s e a  and s h o r e l i n e  p e r m a f r o s t  d e g r a d a t i o n  caused  by a w a r m  
o i l  p i p e l i n e ,  o r  p i p e  s t r u c t u r a l  i n t e g r i t y .  The o p e r a t i o n a l  
l i f e  of  t h e  p i p e l i n e  s h o u l d  b e  c o n s i d e r e d  i n  t h e  the rmal  
a n a l y s i s .  If n e c e s s a r y ,  means ( s u c h  as p i p e  i n s u l a t i o n ,  low- 
c o n d u c t i v i t y  bedd ing  materials ,  or o t h e r  p r o v i s i o n s )  s h o u l d  
be p r o v i d e d  t o  r e d u c e  t h e  heat t r a n s f e r  be tween  t h e  p i p e  and 
p e r m a f r o s t  t o  an a c c e p t a b l e  l e v e l .  

A d e t a i l e d  g e o t e c h n i c a l  s u r v e y  o f  t h e  p i p e l i n e  r o u t e  
s h o u l d  b e  r e q u i r e d  i n  t h e  s t a n d a r d s  b e f o r e  p i p e l i n e  d e s i g n  is 
comple ted ,  n o t  o n l y  f o r  t h e  purpose  of i d e n t i f y i n g  sea bot tom 
s o i l  p r o p e r t i e s  b u t  a l s o  t o  f a c i l i t a t e  p l a n n i n g  f o r  s u i t a b l e  
t r e n c h i n g  equipment .  

The s t a n d a r d s  s h o u l d  c a l l  f o r  t h e  d e p t h  of  t r e n c h i n g  t o  
be de te rmined  by t h e  e x p e c t e d  w o r s t  case of i ce  s c o u r i n g  d e p t h s .  
On t h e  b e a c h ,  and on beach a p p r o a c h e s ,  t h e  t r e n c h  d e p t h  s h o u l d  
depend upon t h e  magnitude of  p r o j e c t e d  s h o r e  e r o s i o n  and ice 
o v e r r i d e  (see S e c t i o n  VI .A.9) .  

The need for n e g a t i v e  buoyancy o f  t h e  p i p e  under  a d v e r s e  
c o n d i t i o n s  s h o u l d  be s t r e s s e d  i n  t h e  s t a n d a r d s  t o  a s s u r e  p ipe-  
i n- t r e n c h  s t a b i l i t y .  

b .  J u s t i f i c a t i o n .  The j u s t i f i c a t i o n  p r e s e n t e d  f o r  g a s  
p i p e l i n e s  under  I t e m  A . 9  i n  S e c t i o n  V I  a l s o  a p p l i e s  t o  o i l  
p i p e l i n e s .  However, i n  t h e  case of w a r m  o i l  f l o w i n g  i n  t h e  
p i p e ,  thawing of p e r m a f r o s t  and thaw c o n s o l i d a t i o n  would o c c u r .  
Depending on  t h e  e x t e n t  o f  t h e  thawed area, s a g g i n g  o f  t h e  p i p e  
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c o u l d  t a k e  p l a c e  under  t h e  weight  ( i n  water) of t h e  pipe and 
t h e  we igh t  of  t h e  s u r c h a r g e .  

I n  t h e  DnV r u l e s  t h e  problem of  p i p e  s a g g i n g  i n  low 
s h e a r  s t r e n g t h  s o i l  (which is s imi l a r  t o  ice r i c h  thawed pe r-  
m a f r o s t )  is addressed i n  P a r a .  4.2.6. 

7. P a r a .  195.248 Cover Over B u r i e d  P i p e l i n e  

a .  Sugges ted  Change. The d e p t h  o f  c o v e r  f o r  Arct ic  
of fshore  p i p e l i n e s  s h o u l d  n o t  b e  d e f i n e d  a t  f i x e d  v a l u e s  as  
i t  is  i n  t h e  c u r r e n t  s a f e t y  s t a n d a r d s .  I t  should be r e l a t e d  
t o  env i ronmenta l  h a z a r d s  so t h a t  t h e  s a f e t y  of  t h e  p i p e l i n e  
is a s s u r e d  under  t h e  w o r s t  p r e d i c a b l e  env i ronmenta l  and man- 
made c o n d i t i o n s ,  Thus,  t h e  long- term h a z a r d s  o f  i ce  s c o u r ,  
s h o r e  e r o s i o n ,  ice o v e r r i d e  on b e a c h e s ,  c u r r e n t  and wave 
a c t i o n s ,  as w e l l  as b o a t  a n c h o r s ,  must be c o n s i d e r e d  i n  t h e  

s e l e c t i o n  of t r e n c h  d e p t h  and  c o v e r  t h i c k n e s s .  I t  is recom- 
mended, t h e r e f o r e ,  t h a t  t h e  s t a n d a r d s  b e  amended r e f l e c t i n g  
t h i s  approach.  

The r e q u i r e m e n t  f o r  p i p e  c o v e r  s h o u l d  be s p e c i f i e d  as 

mandatory i n  s u r f  zone  and beach c r o s s i n g  areas. Here ,  t h e r-  

m a l  expans ion  combined w i t h  s o i l  mass movement c o u l d  c a u s e  
p i p e  overbend and subsequen t  p i p e  exposure  (see gas p i p e l i n e  
Item A.10 S e c t i o n  V I ) .  I n  o t h e r  areas,  t h e  o p t i o n  o f  not  
p r o v i d i n g  a c o v e r  o v e r  a p i p e  s h o u l d  be  j u s t i f i e d  by  t h e  p ipe-  
1 i n e  d e s i g n e r  . 

b ,  J u s t i f i c a t i o n .  J u s t i f i c a t i o n  i s  s imi l a r  t o  t h a t  
p r e s e n t e d  f o r  g a s  p i p e l i n e s  under  I t e m  A . 1 0  i n  S e c t i o n  V I ,  

A t  shore- approach and b e a c h- c r o s s i n g  a r e a s ,  i c e - r i c h  
p e r m a f r o s t  c o u l d  be p r e s e n t  c l o s e  t o  t h e  s u r f a c e .  T h e r e ,  w a r m  
o i l  p i p e l i n e s  must be covered  p r o p e r l y  t o  p r e v e n t  m e l t i n g  of 
t h e  p e r m a f r o s t  o r  exposure  due  t o  d i s t o r t i o n s  caused  by  ther- 
m a l  expans i o n .  
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8. P a r a .  195.252 B a c k f i l l i n g  

a .  Sugges ted  Change. P r e s e n t  r e q u i r e m e n t s  s p e c i f y  t h a t  
b a c k f i l l  s h a l l  p r o t e c t  p i p e  c o a t i n g  and p r o v i d e  f i r m  s u p p o r t  
t o  t h e  p i p e .  I n  t h e  s t a n d a r d s  b a c k f i l l  a p p e a r s  t o  be d i s t i n -  
gu i shed  from p i p e  c o v e r ,  i . e . ,  from t h e  materials d e p o s i t e d  
o v e r  t h e  t o p  o f  t h e  p i p e ,  and is c o n s i d e r e d  t o  be t h e  bedding 
material d e p o s i t e d  below and around t h e  p i p e .  

For  Arctic o f f s h o r e  p i p e l i n e s ,  t h e  b a c k f i l l  material may 
pe r fo rm t h e  a d d i t i o n a l  f u n c t i o n  of i n s u l a t i n g  t h e  w a r m- o i l  
p i p e  from u n d e r l y i n g  p e r m a f r o s t .  T h i s  may i n t r o d u c e  f u r t h e r  
r e q u i r e m e n t s  of  t h e  b a c k f i l l  which s h o u l d  b e  mentioned i n  t h e  
s t a n d a r d s  ( long- te rm t h e r m a l  d u r a b i l i t y ,  and l i m i t e d  sea water 
a b s o r p t i o n ) .  

b. J u s t i f i c a t i o n .  B a c k f i l l i n g  fo r  o f f s h o r e  p i p e l i n e s  
w a s  d i s c u s s e d  i n  t h e  Dravo Van Houten Repor t  ( p .  4-201) b u t  
i t  a p p e a r s  t h a t  b a c k f i l l  and p i p e  c o v e r  were c o n s i d e r e d  syn-  
onymous. S i m i l a r  l a c k  of d i s t i n c t i o n  between b a c k f i l l  and 
c o v e r  can  be found i n  t h e  API p r a c t i c e s  ( P a r a .  500.8.3) and 
i n  t h e  IOP S a f e t y  Code ( P a r a .  1 1 . 5 . 7 . 2 ) .  I t  would be  d e s i r -  
a b l e ,  t h e r e f o r e ,  i n  t h e  195  (and  192)  s a f e t y  s t a n d a r d s  t o  make 
a clear d i s t i n c t i o n  be tween  t h e  two i f  such a d i f f e r e n c e  is 
i n t e n d e d .  O t h e r w i s e ,  c o v e r  and b a c k f i l l i n g  s h o u l d  b e  combined 
i n  one  s e c t i o n .  

The p r e s e n c e  o f  s u b s e a ,  n e a r- s h o r e ,  o r  o n s h o r e  p e r m a f r o s t  
may r e q u i r e  b a c k f i l l  t o  have  cer ta in  i n s u l a t i n g  c h a r a c t e r i s t i c s .  

9. P a r a .  195.262 Pumping Equipment 

a .  Sugges ted  Change. The s a f e t y  s t a n d a r d s  s h o u l d  i n -  
c l u d e  a requ i rement  f o r  a n t i - i c i n g  sys tems  on  pumping equipment .  

b .  J u s t i f i c a t i o n .  Clogging o f  compressor  i n l e t s  by ice 
or snow has been a problem on pumping equipment i n  t h e  Arctic 
( d i s c u s s e d  under  S e c t i o n  V I . A . 5 ) .  
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10. P a r a .  195.302 Genera l  Requirements  ( H y d r o s t a t i c  T e s t i n g )  

a .  Sugges ted  Change. The s a f e t y  s t a n d a r d s  s h o u l d  s p e c i f y  
h y d r o s t a t i c  t e s t i n g  o f  an  o f f s h o r e  p i p e l i n e  a f t e r  i t  is  l a i d  i n  

a t r e n c h .  A second p r e s s u r e  tes t  may b e  r e q u i r e d  a f t e r  t h e  p i p e  
is  covered .  S i m i l a r  recommendations were made f o r  g a s  p i p e l i n e s  
under  Item A.12 of  S e c t i o n  V I .  

W i t h  r e s p e c t  t o  t h e  t e s t  medium s p e c i f i e d  i n  P a r a .  195.306 

as water,  mention s h o u l d  b e  made i n  t h e  s t a n d a r d s  o f  t h e  u s e  of 
a d d i t i v e s  t o  d e p r e s s  t h e  f r e e z i n g  p o i n t  below t h a t  of t h e  lowes t  
t e m p e r a t u r e  e x p e c t e d  d u r i n g  h y d r o t e s t i n g .  

b .  J u s t i f i c a t i o n .  Reasons g iven  under  Item A . 1 2  of  
S e c t i o n  V I  f o r  p r e s s u r e  t e s t i n g  a l s o  app ly  t o  o i l  p i p e l i n e s ,  
e x c e p t  f o r  arguments  i n  f a v o r  o f  24-hour t e s t  d u r a t i o n  and t h e  
e x c l u s i v e  u s e  of l i q u i d s .  Both a l r e a d y  are  s p e c i f i e d  f o r  o i l  
p i p e l i n e s  i n  t h e  e x i s t i n g  s a f e t y  s t a n d a r d s .  

If h y d r o t e s t  is c a r r i e d  o u t  a f t e r  t h e  p i p e  is  i n s t a l l e d  

i n  a t r e n c h ,  and t e m p e r a t u r e  e q u i l i b r i u m  w i t h  sea water is  
e s t a b l i s h e d  t h e  t e m p e r a t u r e  w i l l  be approx imate ly  minus 1 . 8 O C  

(29'F) and o n l y  a small amount o f  a n t i f r e e z e  would be  n e c e s s a r y  
However, t h e  t e m p e r a t u r e s  c o u l d  b e  lower  d u r i n g  t r a n s p o r t a t  i o n ,  
s t o r a g e ,  and o n s h o r e  t e s t i n g  o f  p i p e l i n e  components,  and under  
such  c o n d i t i o n s  a h i g h e r  p r o p o r t i o n  o f  a n t i f r e e z e  a d d i t i v e  w i l l  
b e  r e q u i r e d .  

11. Items N o t  Addressed i n  De ta i l  i n  Chap te r  195 S a f e t y  
S t a n d a r d s  

a .  Transmiss ion  L i n e  P a t r o l l i n g  

(1) Sugges ted  Change. T h i s  r equ i rement  s h o u l d  be 

i n c l u d e d  as  p a r t  o f  Subpar t  F - O p e r a t i o n  and Maintenance;  see 
d i s c u s s i o n  f o r  gas p i p e l i n e s  i n  I t e m  A . 1 3  of S e c t i o n  V I .  A t  
p r e s e n t  t h e r e  is a s t a t e m e n t  r e g a r d i n g  b iweekly  r ight- of-way 
i n s p e c t i o n  i n  195 .412 .  T h i s  may n o t  b e  p o s s i b l e  f o r  Arctic 
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o f f s h o r e  p i p . e l i n e s  because  of climatic l i m i t a t i o n s .  

( 2 )  J u s t i f i c a t i o n .  Arguments g iven  for g a s  p i p e l i n e  
p a t r o l l i n g ,  d i s c u s s e d  under  I t e m  A . 1 3  of S e c t i o n  V I ,  a p p l y  t o  
o i l  p i p e l i n e s .  P i p e l i n e  i n s p e c t i o n  becomes more i m p o r t a n t  i n  
t h i s  case b e c a u s e  of t h e  greater impact of  o i l  s p i l l  on t h e  
Arctic envi ronment .  F o r t u n a t e l y ,  o i l  leaks are much easier t o  
detect t h a n  gas  leaks (see S e c t i o n  1 V . J ) .  I t  is  l o g i c a l  t o  
i n c r e a s e  t h e  f requency  o f  aer ia l  i n s p e c t i o n  fo r  o i l  p i p e l i n e s  
as  compared t o  gas p i p e l i n e s ,  p a r t i c u l a r l y  i n  t h e  first year 
of o p e r a t i o n ,  t o  p r o v i d e  fo r  ea r ly  d e t e c t i o n  o f  any o t 1  leaks .  
However, t h e  two-week requ i rement  i n  195.412 may n o t  be real- 
i s t i c  f o r  Arctic offshore .  I t  is a q u e s t i o n  of  whether  any 
meaningful  r ight- of-way i n s p e c t i o n  can  be done from t h e  air, 
which might  be t h e  o n l y  a v a i l a b l e  i n s p e c t i o n  means i n  w i n t e r .  
Fur the rmore ,  aer ia l  i n s p e c t i o n  may be l i m i t e d  b e c a u s e  of 

p e r i o d s  of poor  v i s i b i l i t y .  Monthly aer ia l  i n s p e c t i o n  i n  
w i n t e r  and underwate r  i n s p e c t i o n  d u r i n g  summer s h o u l d  be  con- 
sidered.  

S p e c i a l  i n s p e c t i o n s  are r e q u i r e d  a f t e r  e v e n t s  which 

c o u l d  affect  p i p e l i n e  i n t e g r i t y  ( s u c h  as e x c e p t i o n a l l y  heavy 
ice i n t r u s i o n ,  seismic a c t i v i t y ,  man-made damage). 

b .  Weight Coa t ing .  Comments made f o r  gas p i p e l i n e  
under  I t e m  A.14 of  S e c t i o n  V I  a p p l y .  
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